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Remarks 

Claims 1-13 were previously pending in the subject application. By this Amendment, Claims 
1 and 2 have been amended and new claims 14-19 have been added. Accordingly, claims 1-19 are 
now before the examiner for consideration. In view of the remarks below, favorable consideration of 
the claims now presented is earnestly solicited. 

The subject invention surprisingly and advantageously provides dried Factor VHI 
compositions which are stable even in the absence of a stabilizing amoimt of albumin . Blood 
factors, which are known to be delicate proteins, have for many years been obtained by extraction 
from serum. Those skilled in the art accept that blood factor compositions purified from serum will 
contain albumin because of the large quantity of albumin present in serum compared to the trace 
amounts of blood factors. When purifying compounds from blood it may generally be the goal to 
completely remove all components of the blood except for the target compound; however, in the case 
of delicate blood factors, it has been found to be desirable to leave albumin in the "purified" product 
in order to stabilize the factor. 

That those in the art recognize the criticality of including albumin in Factor VIH 
compositions is evidenced by the current practice of adding albumin to purified Factor VIH. The 
practice of adding albumin to blood factors has continued despite the fact that albumin's origin as a 
blood component makes it less than ideal in, for example, pharmaceutical compositions. 

Thus, it is quite unexpected, and highly advantageous, that the current applicant has found 
that the use of trehalose, even in the absence of albumin , is able to provide effective stabilization for 
dried Factor VEH. The applicant respectfully submits that the claims as now presented define an 
invention which was not previously known in the art and, in fact, runs directly counter to all of the 
relevant teachings at the time of the invention. Accordingly, favorable consideration of the claims 
now presented is earnestly solicited. 

Claims 1 and 3 have been rejected under 35 U.S.C. §1 02(b) as being anticipated by Roser 
(BioPharm 4(8):47-53 (September 1991)) (Roser I). The applicant respectfiiUy traverses this 



S:\SH-RESP\GJE-6089Dl-AMEND.DOC/DNB/la 



5 Docket No. GJE-6089D1 

Serial No. 09/888,734 

grounds for rejection because the Roser I reference does not disclose or suggest a Factor VTII 

composition which is stabilized by trehalose in the absence of a stabilizing amount of albumin. 

It is basic premise of patent law that, in order to anticipate, a single prior art reference must 

disclose within its four comers , each and every element of the claimed invention , hi Lindemann v. 

American Hoist and Derrick Co., 221 USPQ 481 (Fed. Cir. 1984), the court stated: 

Anticipation requires the presence in a single prior art reference, disclosure of each 
and every element of the claimed invention, arranged as in the claim . Connell v. 
Sears Roebuck and Co., 122 F.2d 1542, 220 USPQ 193 (Fed. Cir. 1983); SSIH 
Equip.SA, V. C/S/rC, 718 F.2d 365, 216 USPQ 678 (Fed. Cir. 1983). In deciding the 
issue of anticipation, the [examiner] must identify the elements of the claims, 
determine their meaning in light of the specification and prosecution history, and 
identify corresponding elements disclosed in the allegedly anticipating reference. 
SSIH, supra; Kalman [v. Kimberly-Clarke, 713 F.2d 760, 218 USPQ 781 (Fed. Cir. 
1983)] (emphasis added). 221 USPQ at 485. 

In the current case, the claims specifically recite that the Factor VIH composition is stabilized 
with trehalose in the absence of a stabilizing amount of albumin . The absence of albumin is not 
disclosed explicitly or inherently by Roser I. Therefore, an anticipation rejection is improper. 

As correctly noted by the Examiner, the Roser I reference is silent on the issue of whether 
albumin is present in the Factor Vni composition. Although the Office Action interprets Roser' s 
silence on this issue as indicating an absence of albumin, the applicant respectfully submits that 
Roser' s silence on this aspect of the composition should be interpreted as implying that the blood 
factor composition is prepared according to standard procedures known and followed by those 
skilled in the art. As discussed below, the skilled artisan would surely expect the presence of 
albumin in the Roser I Factor Vlll composition. Thus, Roser I does not anticipate the current 
invention nor does Roser I provide any motivation for a person skilled in the art to dispense with the 
standard procedure of including albumin in Factor Vm compositions. 

It is well established in the patent law that prior art references must be considered in the 
context of what they would teach those skilled in the art . In this regard the Federal Circuit has stated 
that additional references may be used to show how a person of ordinary skill in the art would have 
understood the teachings of the primary reference. See Scripps Clinic & Research Foundation v. 
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Genentechlnc, 927 F.2d at 1576, 18 U.S.P.Q.2d 1001, 1010 (Fed. Cir. 1991);/« re Donohue, 632 
F.2d 123, 125-26, 207 U.S.P.Q. 196, 199 (C.C.P.A. 1980); In re Wiggins, 488 F.2d 538, 179 
U.S.P.Q.421,424(C.C.P.A. 1970). The accompanying Exhibits clearly establish that, at the time of 
the subject invention, those skilled in the art accept that Factor Vm compositions, either purified or 
recombinant, contain albumin . 

In order to provide insight into the state of the art with respect to blood factor compositions 
and the use of albumin to stabilize such compositions, the applicant is submitting herewith a number 
of Exhibits which establish that the standard practice of those skilled in the art is to stabilize Factor 
Vin compositions with albumin. The original filing date for the subject application was January 19, 
1 995. The applicant is submitting various Exhibits showing that, at the time of the subject invention, 
it was believed by those skilled in the art that, for highly labile Factor VUI, albumin was necessary as 
a stabilizer. The exhibits include the following: 

1) Alpha Therapeutic Corporation advertisement in February 15, 2000 issue of the 
journal Blood: 

...all licensed recombinant Factor VIE products contain albumin, which is 
necessary for preserving the factor proteins in recombinant products, (emphasis 
added). 

2) Excerpt from 1 999 Physicians Desk Reference describing the Helixate® recombinant 
Factor vm product: 

The preparation is stabilized with albimiin (Human) and lyophilized, 

3) U.S. Patent No. 4,36 1 ,509 describing the stabilization of purified porcine Factor VIII: 

Preparations of VUI: c obtained from a porcine plasma source should be 
stabiHzed within 5 to 10% human serum albumin prior to storage. 
Column 10, lines 1-3. 

4) Expert Delcaration of Dr. Alan Mackenzie: 

Factor yni preparations which were derived from human blood necessarily contained 
albumin. Although there were significant health risks associated with administering 
albumin to a patient, namely the potential risk for viral contaminants to be present, 
the presence of albumin was believed to be necessary in order to stabilise the Factor 
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Vm protein. Recombinant Factor Vm preparations were also bein^ prepared, but 
again it was believed to be necessary to add albumin to the preparations to stabilise 
theproteins. The presence of albumin was beUeved to be necessary because Factor 
Vnf proteins are extremely labile, even in the presence of other stabilisers. 



The applicant is also submitting herewith the following additional Exhibits which further 
establish that, at the time of the subject invention (and even years later), those skilled in the art 
believed that albumin was necessary to stabilize Factor VKI preparations: 



A. The current University of North Carolina Hemophilia Center Web Site 

(www . med . unc . edu) : 

Monoclonal antibody purified Factor VHI. Prepared from pooled human plasma 
which is screened for anti-HIV 1 and 2, anti-HBc, ALT, anti-HTLV I/n, and anti- 
HCV. The Factor Vm is purified by affinity chromatography using mouse 
monclonal antibodies to human Factor VHI. The purified Factor Vm prior to 
formulation has a specific activity of --3000 units per mg. Human albumin is used as 
a stabilizer in the formulation of the Factor Vin. 



Recombinant Factor Vm. Recombinant Factor Vm is a synthetic form of Factor VIII 

Prepared in mammalian cells, such as Chinese hamster ovary (CHO) and baby 
amster kidney (BHK) cells. Because both products are formulated with human 
albumin, even though the albumin is pasturized, recombinant Factor VIE is subject to 
the same recalls as plasma-derived Factor Vin in the event that donors with 
Creutzfeld-Jacob disease contribute to the source plasma from which the albumin is 
prepared . Two forms of recombinant Factor VHI are currently licensed for use. 
(emphasis added) 



B. Brownlee et al. article: 

Both recombinant Factor VIII products (Genetics Institute of Genentech), after 
purification by immuno-affmity chromatography with monoclonal antibodies, ion- 
exchange chromatography and other methods, were reported to be essentially 
indistinguishable from plasma-derived Factor Vm [45, 48]. The full-length 
recombinant Factor VHI produced by both companies may be regarded as a "first- 
generation" product, since the CHO cells used to produce Factor VHI were grown in 
a tissue culture medium that contained protein additives. Moreover, the resultant 
purified Factor VHI was stabilized by the addition of human albumin , (emphasis 
added) 



C. Puget Sound Blood Center Web page ( wwAv.psbc.org ; revised November 1 999) 
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Concentrates differ in the purification procedures. Highly purified Factor Vm, e.g. 
preparations purified over a monoclonal antibody commn or current recombinant 
Factor Vm concentrates, are stabilized by adding 98% of pasteurized human 
albumin , (emphasis added) 



D. Emory Health Sciences Press Release ( www.eniorv.edu : October 10, 2000) 

hi the early 1 990s, scientist carried safety one step fiirther with genetically engineered 
recombinant Factor Vm products made by inserting the Factor Vm gene into a cell 
line and producing mass quantities of concentrated human Factor Vm. Although 
these products contained no human or animal products, they were stabilized with a 
small amount of albumin, a human blood component , (emphasis added) 



E. National Hemophilia Foundation Website (www.hemophilia.org : January 1 0, 200 1 ) 

ReFacto is the first recombinant Factor Vin product formulated without human 
serum albumin in its final formulation, (emphasis added) 



F. U.S. Patent No. 6,171,825 (filed September 4, 1998) 

For labile proteins such as Factor VIE, human albumin has been added as a stabilizer 
during the preparation and purification procedures. Although the albumin is 
subjected to a viral inactivation step by pasteurization, it would be ideal if 
recombinant Factor VIE could be manufactured in the complete absence of human 
and animal blood proteins. 



G. WO 94/075 1 0 (pubhshed April 1 4, 1 994) 

A formulation with a low amount of protein will generally lose activity during 
purification, sterile manufacturing, in the package and during the administration. 
This problem is usually solved by the addition of human albumin which reduces the 
activity loss of the active protein considerably. Human albumin fimctions as a 
general stabilizer during purification, sterile manufacturing and fi:*eeze-drying (see 
review by Wang et ai, J. of Parenteral Sci. and Tech. Vol. 42, Number 2S, 
supplement. 1988). Human albumin is also a good cake-former in a formulation for 
fireeze-drying. The use of albumin for stabihzation of Factor Vm is known and is 
currently used in all highly purified Factor Vm products on the market , (emphasis 
added) 

However, it is not desirable to add human albumin to a therapeutic protein 
manufactured by recombinant DNA technology. In addition, the use of human 
albumin as a formulation excipient often limits the use of many of the most powerfiil 
and sensitive analytical methods for protein characterization. 
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There is a need for albumin free formulations containing Factor Vm and especially 
recombinant Factor Vm which are stable during drying or freeze-drying, in solution 
and as a solution after reconstitution. 

It is apparent from the accompanying Exhibits that, at the time of the subject invention, it was 
widely accepted that human albumin was a necessary evil for stabilizing Factor Vm. Furthermore, 
to the extent that other stabilizing agents had been utilized as a substitute for albumin, these 
alternative stabilizers were a select few and did not include trehalose. For example, the formulation 
described in WO 94/075 10 (Exhibit G) contains a non-ionic surfactant, such as a block copolymer, 
that functions to stabilize Factor Vm. Example 1 at page 1 0 of WO 94/075 1 0 shows that, following 
reconstitution, the recovery of Factor VIII: C with non-ionic surfactant was equivalent to that with 
albumin. Thus, it was highly surprising and unexpected for the current applicant to demonsfrate 
stability of Factor VIE in excess of 95% after four weeks (specification. Example 2) when Factor 
vm preparations are freeze-dried using trehalose as a stabilizer in the absence of albumin. Factor 
vm compositions prepared in accordance with the method of the subject invention advantageously 
retain their activity for four weeks or more (specification. Example 2). Such an excellent stabilizing 
effect was highly unexpected in view of the widely-held belief of those skilled in the art that labile 
Factor Vm needed albumin to be stabilized. 

There is no question that the Roser I reference does not explicitly state whether albumin is 
present. There is also no question that the absence of albumin is an express limitation in the 
applicant's claims. The Office Action appears to take the categorical position that the absence of an 
express statement that an ingredient is present equates to having an express statement that the 
ingredient is absent. This is incorrect as a matter of logic, common sense, and law. 

The Office Action provides absolutely no basis for the bold proposition that the absence of 
any mention of an ingredient is the same as an express statement that the ingredient is not present. 
The applicant believes that no basis for this premise exists. Therefore, the applicant respectfiilly 
requests a specific identification by the Examiner of the basis for the quite remarkable proposition 
that the absence of any mention of an ingredient equates to an express statement that the ingredient is 
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not present. 

Because there is no logical basis for stating that, in every instance, the absence of any 

statement equals an express statement that something is not present, it is necessary to examine the 

facts in each case before drawing a conclusion. For example, if I say that "I drank a cup of tea" it 

may well be reasonable to conclude that there was not any cyanide in my tea. However, my 

statement says nothing about whether there was sugar, milk, or honey in my tea. Furthermore, it 

would surely not be reasonable to conclude (based on my statement) that there was no water in my 

tea (even though I did not mention any water). Thus, common sense, practical experience, and 

informed knowledge of the subject matter are all helpful in trying to determine whether 1) the 

absence of an explicit statement about an ingredient indicates that the ingredient was absent, 2) that 

the absence; of an explicit statement says nothing about the likely presence or absence of the 

ingredient, or 3) that the absence of any statement suggests that the ingredient is present because that 

ingredient is virtually always present and its unusual absence would surely be noted. 

' In applying these principles to Patent Law and, specifically, to the current case, we must look 

to the law of inherency. The Examiner admits that Roser I is silent on the issue of whether albumin 

is present. It is equally undeniable that the applicant's claims explicitly recite the absence of a 

stabilizing amount of albumin as a claim limitation . Thus, the Roser I reference does not disclose 

one of the applicant's claim limitations. The applicant concedes that a claim may be anticipated 

even if a single prior art reference does not explicitly disclose all of the limitations of the claimed 

invention if, and only if . any omitted limitations are inherent in the cited reference. Thus, the current 

Office Action is, in effect, stating that the absence of albumin is "inherent" in the Roser I reference. 

Unfortunately, the Office Action falls far short of meeting the legal requirements for basing 

an anticipation rejection on inherency. Under the Patent Laws, a prior art rejection based on 

inherency is only proper if the prior art necessarily resulted in the claimed subject matter. In re King, 

801 F2d 1324, 1326, 231 USPQ 136, 138 (Fed. Cir. 1986). Further, 

the doctrine of inherency is available only when the prior inherent event can be 
established as a certainty . That an event may result from a given set of 
circumstances is not sufficient to establish anticipation. ... A prior inherent 
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event cannot be established based on speculation, or where a doubt exists 
(emphasis added). Ethyl Molded Product Co. v. Betts Package Inc 9 USPO 
2d 1001, 1032-33 (E.D. KY 1988). 

hi the current case it cannot reasonably be stated that albumin was necessarily absent from 
the Roser I composition, hi fact, quite the confrary is true; one skilled in the art would expect that 
albumin was present. As discussed above, the applicant has submitted extensive materials 
establishing that, at the time of the invention, it was accepted by those skilled in the art that albumin 
was necessary to stabilize Factor Vm. 

The purpose of 35 U.S.C. §102 is to prevent the granting of a patent which would remove 
from the public something which has already been placed in the public domain. \n Dewey & Almy 
Chem. Co. v. Mimex Co., Judge Learned Hand wrote: 

No doctrine of the patent law is better established than that a prior patent ... to be an 
anticipation must bear within its four comers adequate directions for the practice [of 
the subsequent invention] . . . if the earlier disclosure offers no more than a starting 
point . . . if itdoes not inform the art without more how to practice the new invention, 
it has not correspondingly enriched the store of common knowledge, and it is not an 
anticipation. 124 F.2d 986, 990; 52 USPQ 138 (2nd Cir. 1942). 

hi the current case it is readily apparent from the foregoing remarks and the accompanying 
Exhibits that, at the time of the subject invention, the public was not in possession of albumin-free 
Factor vm compositions or methods for making such compositions. Accordingly, the applicants 
respectfiiUy request reconsideration and withdrawal of the rejection under 35 U.S.C. §102(b) based 
on Roser I. 

Claims 1-13 have been rejected under 35 U.S.C. §103(a) as being unpatentable over Roser 
(Roser I) and Livesey et al. (U.S. Patent No. 5,364,756) in view of Roser (U.S. Patent No. 4,891 ,3 1 9, 
Roser II) and Lee et al. (EP 0 314 095). The applicant respectfiiUy traverses this grounds for 
rejection because the cited references, alone, or in combination, do not disclose or suggest an 
albumin-free dried Factor Vm composition stabilized with trehalose. 

Read in the context of what was known in the art at the time, the Livesey et al. disclosure 
does not teach or suggest the applicant's unique and advantageous Factor Vm compositions or their 
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methods of preparation. A fair reading of Livesey et al reveals that this reference pertains only 
tangentially to Factor Vin compositions. To the extent that Livesey et al address the preparation of 
Factor VHI compositions at all, Livesey et al only reinforce v^hat was accepted in the art at that time 
— that albumin was necessary in order to prepare a stable Factor Vin composition. 

Livesey et al provide a method and apparatus for cryopreserving and drying various 
biological materials. The emphasis of the Livesey et al reference is on a unique apparatus, rather, 
than sample preparation, hi fact, Livesey et al state that "[t]he exact ingredients of each available 
suspension is not considered to be a component of this invention." (emphasis added). 

To provide further insight into the state of the art at the time of the subject invention, the 

applicant requested Dr. Alan Mackenzie, a renowned expert in this field to comment on the 

disclosure of the cited Livesey et al reference and what that disclosure would teach one skilled in the 

art. hi an accompanying Expert Declaration Dr. Mackenzie states: 

My knowledge in this regard is based on many years of experience in this field dating 
back to 1959. hi 1996, various Factor VUI compositions were known. Factor VHI 
preparations which were derived from human blood necessarily contained albumin. 
Although there were significant health risks associated with administering albumin to 
a patient, namely the potential risk for viral contaminants to be present, the presence 
of albumin was believed to be necessary in order to stabilize the Factor VIE protein. 
Recorribinaiit Factor VUI preparations were also being prepared, but again it was 
believed to be necessary to add albumin to the preparations to stabilize the proteins. 
The presence of albumin was believed to be necessary because Factor Vm proteins 
are extremely labile, even in the presence of other stabilizers. 

hi evaluating the patentability of an invention, it is critical to review a cited reference for 
what it would have taught one skilled in the art. The Livesey et al reference does not suggest that 
trehalose could be used, in the absence of albumin , to stabilize Factor VHI . Rather, Livesey et al 
clearly teach that albumin can be used in combination with trehalose. 

As noted by Dr. Mackenzie in the accompanying Expert Declaration: 

[t]rehalose is only mentioned by Livesey et al as one possible ingredient in a drying 
process. There is no reference to preparing a Factor VIH composition in the absence 
of albumin, and it caimot be inferred, given the knowledge at that time, that albumin 
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was not required. Thus, the Livesey et al. discussion of stabilising agents is entirely 
consistent with the proposition that Factor VEI cannot be freeze-dried without the use 
of albumin as a stabilising agent. 

In addition to its lack of any new teaching with regard to sample preparation, the relevance of 

the Livesey et al patent to freeze-drying Factor Vm is further diminished due to the focus of Livesey 

et al. on whole cells, rather than proteins, hi this regard. Dr. Mackenzie observes that: 

[r]ed blood cells, plateletes, leukocytes, sperm, pancreatic islets, and marrow 
cells are all listed as specific examples of cells which can be preserved using the 
Livesey et al. reference. There is very little discussion, and there are no examples, of 
the preservation of proteins. Those skilled in the art know that materials and 
procedures used to preserve whole cells and/or viruses are not necessarily appHcable 
to the stabilisation of proteins. Furthermore, Livesey et al. state that the exact 
ingredients of the suspensions which are to be preserved "is not considered to be a 
component of the invention." Thus, I find no disclosure in the Livesey et al. patent 
which is specifically relevant to the selection of appropriate stabilising agents for 
delicate proteins. 

Thus, as with the Roser I reference discussed above, the Livesey et al. reference is silent on 
the issue of whether albumin would be present in the Factor Vm compositions, hi interpreting the 
teachings of Livesey et al, it must be acknowledged that the main focus of this reference is on a 
cryopreservation method. The Livesey et al reference only mentions Factor Vm briefly and 
certainly provides no teaching which would lead a person skilled in the art to depart fi-om the well- 
accepted standard procedure of stabilizing blood factors with albumin, hi view of the fact that the 
need for a stabilizing agent is particularly acute when the blood factor is going to be subjected to 
fixrther processing such as drying, the applicant respectfiilly submits that the Livesey et al disclosure 
provides no motivation to remove albumin as a component of Factor Vm compositions. 

As noted by the Court of Appeals for Federal Circuit, the specification, of which the claims 
are part, teaches about the problems solved by the claimed invention, the way the claimed invention 
solves these problems, and the prior art that relates to the invention. These teachings provide 
valuable context for the meaning of the claim language. Eastman Kodak Co., v. the Goodyear Tire 
c6 i?M6^jer Co., 42 USPQ 2d 1737, 1741 (Fed.Cir. 1997). It is the person ofordinary skill in the field 
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of the invention through whose eyes the claims are construed. Such person is deemed to read the 
words used in the patent documents with an understanding of their meaning in the field, and to have 
knowledge of any special meaning and usage in the field. The inventor's words that are used to 
describe the invenfion-the inventor's lexicography-must be understood and inteipreted by the court 
as they would be understood and interpreted by a person in that field of technology. Multiform 
Desiccants, Inc. v. Medzam, Ltd., 45 USPQ 2d 1429, 1432 (Fed. Cir. 1998). 

The teachings of Livesey et al. must be considered for what they taught a person skilled in the 
art who was already aware of the long-standing and widely-accepted practice of using albumin to 
stabilize Factor Vm. When read in this light, the teachings of Livesey et al. do not teach the skilled 
artisan that stable Factor VIE preparations can be prepared using trehalose in the absence of albumin. 

The shortcomings of the primary references have been discussed above. The Lee et al. 
reference and Roser H do not cure the defects of the primary references. The Roser H patent 
describes the addition of trehalose to blood components (antibodies) obtained directly from serum. 
Such a serum preparation would most certainly contain albumin. Thus, there is no teaching in this 
reference which would lead a person skilled in the art to depart from the standard and accepted 
practice of using albumin to stabihze Factor Vm compositions. 

Although Lee et al. discusses the use of calcium chloride, there is no indication that albumin 
is not necessary in the composition. Specifically, these references provide no teaching or motivation 
for the skilled artisan to depart from the standard practice of using albumin to stabilize blood factors. 

The mere fact that the purported prior art could have been modified or applied in manner to 
yield apphcant's invention would not have made the modification or applicafion obvious unless the 
prior art suggested the desirabihty of the modification. In re Gordon, 221 U.S.P.Q. 1125, 1127 (Fed. 
Cir. 1 984). Moreover, as expressed by the CAFC, to support a §1 03 rejection, «[b]oth the suggestion 
and the expectation of success must be founded in the prior art ..." /« re Dow Chemical Co., 837 
F.2d 469, 473, 5 U.S.P.Q. 2d 1529, 1531 (Fed. Cir. 1988). In the references cited in support of the 
§103 rejection, one finds neither. 
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As noted above, prior art references must be viewed in the context of what they would teach a 
person skilled in the art. See Joy Technologies Inc. v. Quigg, 732 F. Supp. 227, 232-33, 14 
U.S.P.Q.2d 1432, 1438(D.D.C. 1990). In determining what Lee a/, would teach a person skilled 
in the art, please note that Lee et al. refer to U.S. Patent No. 4,361,509 as providing appropriate 
teachings for obtaining "highly purified" Factor Vm. See page 2, lines 35-38. As explained above, 
Lee et al. teach that the Factor Vm obtained after purification should be stabilized with albumin. 
Thus the teachings of Lee et al. (and the '509 patent) are entirely consistent with the proposition that 
the art accepted albumin as a necessity for stabilizing Factor Vm. Thus, Lee et al, the '509 patent 
and the other identified art actually teach away from the current invention which surprisingly and 
advantageously provides a stabilized dried Factor Vm composition without albumin. 

In view of the wide-spread belief at the time of the invention that albumin was necessary to 
stabilize labile Factor Vm it was both very unexpected and highly advantageous to find that Factor 
vm can be effectively stabilized with trehalose in the absence of albumin. Thus, this invention 
unexpectedly satisfies a well-documented long-felt need. Accordingly, the applicant respectfiiUy 
requests reconsideration and withdrawal of the rejection under 35 U.S.C. §103 based on Roser I and 
Livesey a/, in view of Roser n and Lee e/ a/. 

Please note that the applicant is submitting herewith a copy of Curtis et al. U.S. Patent No. 
5,5 76,291 , which has been cited in a related application. The applicant respectfully submits that the 
Curtis et al. reference does not anticipate or render obvious the applicant's claims. 

In considering the relevance of the Curtis et al. reference, it should be noted that Factor Vm 
and activated Factor Vm (Factor VHIa) are different entities. Factor Vm is produced as a protein of 
2332 amino acids. Factor Vm is converted to activated Factor Vm (Factor VHIa) through a 
multistep enzymatic process. Indeed, Curtis et al. clarifies the definition by stating that the 
"activated" form is a product of the "conversion of the Factor Vm protein molecule" (col. 2, lines 
48-52). Despite the similarity of the names of "Factor Vm" and "Factor VHIa", these entities have 
very different chemical, physical, and physiological properties. As described by Dr. Preston in the 
accompanying Expert Declaration under 35 USC 1 . 1 32, those skilled in the art are very familiar with 
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the nomenclature whereby "Factor Vm" refers to the labile, non-activated protein, whereas "Factor 
vma" refers to the heterotrimer formed after substantial chemical modification occurs to Factor Vm. 

The Curtis et al. reference provides a method for treating patients who have developed 
inhibitors to Factor Vm. Thus, for these patients, administered Factor Vm is unable to function 
properly in the cascade of physiological events leading to blood clotting. Curtis et al. found that 
individuals with this condition can be treated by administering activated Factor Vm. The very fact 
that activated Factor Vm is effective when Factor Vm is not underscores the fundamental 
differences between these two compounds. 

Thus, it is apparent that 1) Factor VEIa is recognized by those skilled in the art as a distinct 
and separate entity from Factor Vm, 2) that the properties of Factor Vnia are very different from the 
properties of relatively unstable Factor vm. 

The Curtis et al. reference pertains to activated Factor Vm. hi view of the aforementioned 
differences between activated Factor Vm and native Factor Vm, the applicant respectfully submits 
that those skilled in the art would not consider stabilization techniques used for Factor Vma to be 
necessarily applicable to Factor Vm. 

The applicant further respectfully submits that, to the extent that the Curtis et al. teachings 
with regard to stabiHzation of Factor Vffia are discemable, it appears that they focus on factors other 
than the use of trehalose . For example, Curtis et al. refer to "maintaining the concentration of the 
activated human Factor Vm at a stabilizing level" (column 2, lines 44-46). Where Curtis et al. 
describe stabilization procedures in any detail (column 5 lines 32-65) there is no indication that even 
activated Factor Vm could be freeze-dried with trehalose in the absence of albumin. Thus, although 
trehalose is listed among several stabilizers that can be used (as is albumin), one of ordinary skill in 
the art would not conclude that trehalose can be used in the absence of a stabilizing amm.nt of 
albumin , even for activated Factor Vm. 

Accordingly, the applicant respectfully submits that Curtis et al. do not teach or suggest the 
use of trehalose, in the absence of albumin, to stabilize highly labile Factor Vm. 
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Claims 1-13 have been rejected under the judicially created doctrine of obviousness-type 
double patenting as being unpatentable over the claims of U.S. Patent No. 4,891,319 (Roser U), in 
view of Roser {BioPharm 4(8):47-53, September 1991, (Roser I)) and Livesey et al. (U.S. Patent 
No. 5,364,756) and Lee et al (EP 0 314 095). The applicant respectfully traverses this grounds for 
rejection because the claims of Roser E, alone or in combination with the secondary references, do 
not make obvious the currently-claimed invention. As discussed above, nothing in the cited 
references teaches or even suggests that dried stabilized Factor Vm could be prepared in the absence 
of albumin. In the absence of such a teaching or motivation founded in the prior art, a finding of 
obviousness is improper. Therefore, the apphcant respectfully requests reconsideration and 
withdrawal of the obviousness-type double patenting rejection. 

Claims 1-13 have been provisionally rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claim 7 of copending Application No. 
08/875,796, in view of Roser {BioPharm 4(8):47-53, September 1991, (Roser I)) and Livesey et al 
(U.S. Patent No. 5,364,756) and Lee et al (EP 0 314 095). Upon an indication of allowability the 
applicant will submit a Terminal Disclaimer with respect to the co-pending application. 

Conclusion 

Factor Vm is essential for the treatment of haemophilia. Unfortunately, Factor Vm is 
extremely labile, and, therefore, it is difficult to produce compositions which contain stable Factor 
vm. The subject invention provides a unique, advantageous, and unexpected method for preparing 
stable freeze-dried Factor Vm. 

Haemophilia is a coagulation disorder which affects about 1 in every 10,000 males. 
Haemophilia A is the most common form of hemophilia and is due to a deficiency in Factor Vm. 
Most instances of hemophilia are associated with a genetic mutation that causes the Factor Vm 
deficiency. A relatively small percentage of patients with hemophilia A develop inhibitors to Factor 
vm. For years, the main treatment for bleeding episodes was fresh frozen plasma or cryoprecipitate. 
Eventually, Factor Vm was purified from pooling of blood donations. Although recombinant Factor 
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Vm has been available since the mid-1980's, until recently all commercial Factor Vm preparations 
were stabilized with human albumin because those skilled in the art believed that albumin was 
necessary to stabilize the extremely labile Factor Vm. The use of albumin as a stabilizing agent 
leaves open the possibility for contamination of Factor Vm preparations. Thus, there is a long-felt 
need for a method of stabilizing Factor Vm without albumin. The current invention satisfies that 
long-felt need. 

Advantageously, the current applicant's invention provides unique and advantageous Factor 
vm compositions. The methods and products of the subject invention are particularly advantageous 
because of the absence of albumin. Prior to the applicant's invention, it was generally accepted by : 
those skilled in the art that albumin was necessary as a stabilizer when drying Factor Vm. The 
applicant respectfully requests favorable consideration of the pending claims in view of this 
important contribution to the art. 

In view of the foregoing remarks and the amendments above, the applicants believe that the 
^ currently pending claims are in condition for allowance, and such action is respectfully requested. 
The Commissioner is hereby authorized to charge any fees under 37 CFR §§ 1 . 1 6 or 1 . 1 7 as . 
required by this paper to Deposit Account No. 1 9-0065 .■ 
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The applicants also invite the Examiner to call the undersigned if clarification is needed on 
any of this response, or if the Examiner beheves a telephone interview would expedite the 
prosecution of the subject application to completion. 



Fax No.: 352-372-5800 
Address: 242 1 N.W. 4 1 st Street, Suite A- 1 
Gainesville, FL 32606-6669 



DRS/la 

Attachment: Petition and Fee for Extension of Time in triplicate 



Marked-up Version of Amended Claims 
Amendment Transmittal Form in triplicate 
Exhibits 1-4 
Exhibits A-G 
Declaration of Dr. Preston 
Supplemental Information Disclosure Statement 
Form PTO-1449 

Copy of U.S. Patent No. 5,576,291 



Respectfully submitted, 




David R. Saliwanchik 
Patent Attorney 
Registration No. 46,853 
Phone: 352-375-8100 
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Marked-up Version of S ubstituted Claimg- 

Claim 1 f amended) - 

A stable dried Factor VHI composition containing a stabilizing amount of trehalose in the 
absence of a stabiHzing amount of alhnmm 



Claim 2 (amendeH) - 

The composition, according to claim 1 , containing 0. 1 5 to2.5 mg trehalose per unit of [blood 
factor] Factor Vin . 
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Questions 
hemophilia 
patie nts are 
asking: 

Do recombinant Factor VIII 
products contain human 
blood elements?" 



Yes, rhey da The factor proteins themselves are 
aoc derived from human blood They are 
made from animal cells. However, all licensed 
necombinaxit Faaor VUl produces cojiciin 
albumin, vi^ich is necessary for preserving 
dut factor proteins in recombinant £iaoi 
produces. Albumin is derived from 
pooled human plasma, much the same 
^^'■ay as plasma-derrved iaccor produces. 

Today there are many effective safeguards \ 
li,^ aga.- nsc viral contominacioa of products 
made from huxnan plasma. Safeguards 
Alpha Therapeutic Garporation^ uses in 
monu&aLiring its plasma-derived lacror 
products in.dudc affinity chromatography solvent 
detergcnc treatment, heat treamnenc and 
nanofiluacion. These lands of saf^uards mean 
that bodi f tLisma-derived and recombinant foccor 
products are veiy safe and eSecuve. 

For more infbjmadoD abouc Alpha Thenpeucic Corporanon* 
coagulation hczor producis. wfic- to: Alpha Tbcrapcudc 
Corponcioa. 5555 Valley Boulcvaid. Los Angeles, CA 90032 
o: c-Ol roll &CC: 1 (SCO) 292-61 1 8 or viiic our web sice at 
•AAflTw^ pha ch ; r. com. 
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Gammar-P I.V. — Cont. 



10) Allow the product vial :o remain undisturbed for 5 
minutes after diluent addition. Do not touch or mix 
during ihis time. 
1 1 1 ,\fter i) minutes, mix the product vial by gently swirl- 
ing the vial without creating excessive foam. Never 
shake the product vial. 
•"^'o^g- A 3\Tup-like layer may remain on the bottom of 
the via! following reconstitution. Swiri gently :o 
disperse Uiis layer until a homogenous solution 
is obtained. 

12 i Examine iolution. .\ll un reconstituted product should 
dissolve with gentle swirling and the solution should 
be clear and ready to administer in 20 minutes or 
less. 

13) Product contains no preservative. Infusion must be 
initiated within 3 hours of reconstitution. If not used 
within this time frame, it should be properly disposed 
of and not administered. 

14) Reconstituted product does not need to be filtered. If a 
filter is used, it should be a 15 micron filter or larger 

15) If several doses of Immune Globulin Intravenous 
(Human), Gammai^P I.V*, are to be pooled asepti- 
cally for administration, avoid excessive formation of 
foam in the pooling container and gently swirl the 
pooling container to mix. DO NOT SHAKE THE POOL- 
ING CONTAINER. 

Administration 

CAUTION: When entering the product stopper with an IV 
sec spike for administration, care should be 
takcQ to follow the path made by the transfer 
spike (see Reconstitution}. 



9. (an £. etal. .Acute Renal Failure Resulting from Ir....tve. 
nous Immunoglobulin Therapv. ,\rc/i XeunU. 1993- SOCJ- 
137-139. 

BIBLIOGRAPHY 
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nous IgG Exhibits Greater Biological Acti\nty than Modified 
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Revised: June. 1997 IBM 1''173 

CENTEON LLC. 
Kankakee. Illinois 6(390: C.S.A. 
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covery of rAHF with high levels of this cnrbe.iu,; "** 
was compared to that with HELKATE wh*.K 
levels of this structure. As in the normal 0,1,"^^ 
tients had preexisting endogenous ant i bod v 
a 1—3 galactose in titers ranging from I.^oq' 
"0 significant change in antibody level um^ not V^''^ 




Antihemophilic Factor 

(Recombinant) 

HEUXATE® 



Immune Globulin Intravenous (Human), Gammai®-P I.V., 
is to be administered by intravenous infusion. The infusion 
should begin at a rate of 0.01 mlVKg/'rainute, increasing to 
0.02 mUKg/minute after 15 to 30 minutes. Most patients 
tolerate a gradual increase to 0.03 - 0.06 mUKg^minute. 
For the average 70 kg person this is equivalent to 2 to 4 
mL'minute. If adverse reactions develop, slowing the infu- 
sion rate will usually eliminate the reaction. Discard any 
unused solution. 

Parenteral drug products should be inspected visually for 
particulate matter and discoloratioD prior to administration 
whenever solution and container permit. 

HOW SUPPLIED 
Individual Vial Packages 

Immune Globulin Intravenous (Human), Gammar®-P I.V., 
is supplied in single dose vials, with diluent and sterile, 
vented transfer spike for reconstitution. The 10 g dosage 
form package also contains an administration set. The fol- 
lowing dosage forms are available; 
[See table at top of previous pagel 
Bulk Package 

L-nmune Globulin Intravenous (Human), GammarS^P I.V., 
5 g immune globulinmal is supplied in a bulk pack (NDC 
0053-7486-06) of six (6) single dose vials. Each single dose 
vial should be reconstituted with 100 mL Sterile Water for 
Injection. U.S.P. (not supplied). 
STORAGE 

When stored at temperatures not exceeding 25'C (77'F). 
Immune Globulin Intravenous (Human), Gammar®-? I.V., 
is stable for the period indicated by the expiration date on 
its label. Avoid freezing which may damage container for the 
diluent 

CAUTION: FEDERAL L\W PROHIBrTS DISPENSING 
WITHOUT PRESCRIPTION. 
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DESCRIPTION 

Antihemophilic Factor (Recombinant), HELIXATE® is a 
sterile, stable, purified, non-pyrogenic, dried concentrate 
which has been manufactured by recombinant DNA tech- 
nology. HELIXATE is intended for use in therapy of classi- 
cal hemophilia (hemophilia A). HELIXATE is produced by 
Baby Hamster Kidney (BHK) cells into which the human 
factor VIU (FMU) gene has been introduced.* RELOCATE is 
a highly purified ffiycoprotein consisting of multiple pep- 
tides including an 80 kb and various extensions of the 90 
kD subunit It has the same biological activity as FVni de* 
rived from human plasma. In addition to the use of the clas- 
sical purification methods of ion exchange chromatography 
and size exclusion chromatography, monoclonal antibody 
immunoaffinity chromatography is utilized along with other 
steps designed to ptirift- recombinant facMr Vni (rAHF) and 
remove contaminating substances. The final preparation is 

t stabilized with Albumin (Human) and lyophilized. The con- 
centration of HELIXATE is approximately 100 lU/mL. The 
1 product contains no preservatives. 
Each vial of HELIXATE contains the labeled amount of 
rAHF in international units iIU*). One IL*. as defined by the 
World Health Organization standard for blood coagulation 
factor VHI, human, is approximately equal to the level of 
factor VIII activity found in 1.0 mL of fresh pooled human 
i plasma. The final product when reconsdcuted as directed 
i contains the following excipients: 10-30 mg g3ycine/mL, not 
j more than (NMT) 500 jig imidazole/1000 lU, NMT 6O0 ug 
polysorbate 30/1000 lU. 2-5 mM caidum chloride. 100-130 
I raEq/L sodium, 100-130 mEq/L chloride, and 4-10 mg Al- 
; bumin (HumanVraL. HELIXATE must be administered bv 
i the intravenous route. 

j CLINICAL PHAIDUCOLOGY 

i The clinical trial of HELIXATE has included 168 patients, 
j enrolled over a 55-month period. A total of 16,186 infusions 
I have been utilized in this trial. The study was conducted in 
; several stages. 

j Initial pharmacokinetic studies were conducted in 17 
j as>-mptomatic hemophilic patients, comparing pharmacoki- 
I netics of plasma-derived .Antihemophilic Factor (Human) 
j (pdAHF) and HELIXATE.- The mean biologic half-life of 
I rAHF was 15.3 hours. The mean biologic half-life of pdAHF 
! in the same individuals was 13.9 hours. A similar degree of 
! shortening of the activated partial thromboplastin time was 
j seen with both r-\HF and pdAHF. The. mean in vivo recov- 
I ery of rAHF was similar to pdAHF, with a linear dose- 
I response relationship. The recovery and half-life of rAHF 
I was consistent with initial results following 13 weeks of ex- 
I elusive treatment with HELIXATE. Subsequently, 826 re- 
1 covery studies were conducted in 58 hemophilic patients 
i particzpating in iater clinicai studies. Mean recovery from 
: this group was Z.AS^c per lU/kg Lnfused. 
; Fourteen U4) subjects from initial pharmacokinetic studies 
I commenced home treatment with r.AHF. Forty-four (44) ad- 
j ditional subjects were then enrolled who created themselves 
I at home exclusively with rAHF. A total of 12.730 infusions 
j have been administered under this portion of the study, of 
; which 1,021 were ffiven in clinic for recovery studies, 7,339 
j were given for treatment of bleeds, 4.36 i we're given as pro- 
j phylaxis. 5 for minor surger.* not requiring hospitalization. 
I and 4 for unspecified reason. 

I Forty-eight ^48) patients have received rAHF on 63 occa- 
j sions for surgical procedures or in-hospiut treatment of se- 
f rious hemorrhage. Eleven (11} received .-AHF for the first 
■ time in this study, while 37 were already on study or study 
participants under an investigation of pre^-nously untreated 
patients. Hemostasis has been satisfactory in ail' cases, with 
no adverse reactions. 

In a study of pre\-iously untreated patients, a total of 3,254 
infusions have been administered to 96 patients over a 48- 
month enrollment period. Hemostasis was successfully 
achieved in all cases. 

During the analytical characterization of Antihemophiiic 
Factor (Recombinant). HELIXATE®. analyses for carbohy- 
drate struaure revealed the presence of terminal galactose 
a 1—3 galactose residues. Since naturally occurring anti- 
body to this structure has been reported in humans, a trial 



tose al— 3 galactose is not significantly Ji (Tt V" 
2.4fifT/TU/kg recovery obtamed in the iar^'er i!"^ 
5S patients treated with HELLXATE mentio**' 
Based on these results, the galactose a 1^3 l^^^ ^ 
due appears to have no clinical significance. ^ 
INDICATIONS AND USAGE 
HELIXATE is indicated for the treatment of class ■ • 
philia (hemophUia A) in which there is a demon T ^ 
ficiency of activity of the plasma clotting factor * 
HELIXATE provides a means of temporarilv rell""'^ 
missing clotting factor in order to correct or'pr^ 
ing episodes, or in order to perforro emergency anT'-^ 
surgery in hemophiliacs. ' 
HELIXATE can also be used for treatment of hemori»i 
m certain patients wth inhibitors to factor Vin i * 
studies of HELIXATE. patients who developed inhibit!* 
study continued to manifest a clinical response when^^ 
itor uters were less than 10 Bethesda Units (B uTwT? 
When an inhibitor is present, the dosage requirei^l • 
factor Vin is variable. The dosage can be determined ei 
by clinical response, and by monitoring of circulaUMf*-" 
Vin levels after treatment isee DOSAGE AND ADMiv? 
TRATION). ^'^'^ 
HELIXATE does not contain von Willebrand's faam i- 
therefore is not indicated for the treatment of ^-on \Vi^ 
brand's disease. 



CONTRAINDICATIONS \ 
Due to the feet that .Antihemophilic Factor (Recombinir \ 
contains traj:e amounts of mouse protein (maximua O.fl ' 
ng/IU rAHF) and hamster protein ^maximum 0.04 n^?; 
rAHF), HELIXATE should be administered with cautita's 
individuals with previous hypersensitivity to pdAHF r 
known hypersensitivity to biologic preparations with tw 
amounts of murine or hamster proteins. 
Assays » detect seroconversion to mouse and hamstr -p^ 
tein were conducted on ail patients on study. No patie.niia 
developed specific antibody titers against these proteinj t 
ter commencing study, and no allergic reactions haw iw 
associated with rAHF infusions. Although no reactions 
obser^/ed, patients should be warned of the theoreticai p» 
sibility of a hj-persensitivity reaction, and alerted to 
early signs of such a reaction (e.g., hives. generaii:«i ar: 
can a. wheezing and hypotension). Patients should be r- 
vised to discontinue use of the product and contact 'if? 
physician if such symptoms occur. 

WARNINGS 

None. 



PRECALTIONS 

General \ 

HELIXATE is intended for the treatment of bleeding ai^' t 
ders arising firom-a deficiency in factor VIII. This dedoe^? ; 
should be proven prior to administering HELKATE. ' 
The development of circulating neutralizing □niibodif* ^ ; 
factor Vin may occur during the treatment of patients 
hemophilia .-V In a study of previously untreated pantcJ' ; 
inhibitor antibodies have developed in 17 of the 92 pJ^t^^ [ 
{ 16.5^) who have had at least one follow-up titer Tlie tsc- . 
dence of antibodies is 15/56 l26.7%) in patients with ; 
disease i<2% factor VIII), 2/18 (11%) in patients witJiO^ \ 
erate disease (2-5^0 factor VIII) and 0/18 in pati^""^ ; 
mild disease i>5% factor VIII). Ten of the antibodje* ^ , 
high titer (>10 Bethesda Units), three were low titer. ^ 
four were low titer and transient. Studies most clo>"^ ' 
sembiing the design of the study of inhibitor ^^^'JjiTfj • 
with .Antihemophilic Factor (Recombinant). HELP- ^ 
have reported incidences of inhibitor formation ^^^^i-^j \ 
tween IS. 4 and 52*^ for patients treated with pdAi-^ .'^ ^ 
incidence of inhibitor formation in previously ""^'^"^'^j^i . 
tients treated with HELIXATE appears to be conf" ^ ; 
with that reported in the literature, however the tn)' ^ , 
munogenicity of HELIXATE is not known at 9^^^-^ \ 
tients treated with rAHF should be carefully f»o"'.'°^ ' 
the development of antibodies to rAHF by appropnJf j 
ical observation and laboratory tests. ^^tl^ 
Product administration and handling of the infu-'io** | 
needles must be done with caution. Percutiintfou^ P ^ ; 
with a needle contaminated with blood can tran-^o*''' ,^ • 
tious vims including HIV (AIDS) and hepatitis. Obtat^ | 
mediate medical attention if injury occurs. 



Information wtO b» superseded by wpplemtnts and subMqutnt tditiofu 



^"^"^^Ats la ihnrps container after sinffle use. Discard 
^*meflt inciudin?: any reconstituted HELIXATE prod- 
^fP^^j^^rt biohaiard procedures. 
*^5jSif**'' Mu"9*""''*' '"ipaifment of Fertility 
O'^^tJalufltioo of the mutagenic potential of HELIXATE 
jjjgonstrate reverse .nutation or chromosomal ab- 
^"i^itdoies subsiantuily greater than the maximum 
^icai dose, in vivo evaluation of rAHF using 
between 10 2nd -iO times the expected ciiaicaJ 
il50 indicated :hat HELIXATE does not possess a 
potential. Long-iemj investigations of carcino- 
Btifli ID oniniaU have 20t been performed. 

''??5I'f'rr*has been proven U) be safe and efficacious in 




J** indicated :hat HELIXATE does not possess a 

■^^c potential. Long-iemj investigations of i 
•'^'^^tifli 10 aniniaU have 20t been performed 

^?^^d~crJ id rt*n wrjie under investigation as previ- 
^^'r^.tjA tn=-I' and previously untreated patients 
•f^lse* CLINIC.-VL PEARMACOLOGY and PRE- 

r^^ncy CitegofY C 

1^0*1 rtproduction stucies nave not been conducted with 
SSaIE. It is ^so not known whether HELDCATE can 
^T^til harm when administered to a pregnant woman 
iffect reproducaon capacitj-. HELIXATE should be 
to ■ pregnant woman only if clearly needed. 

0>fYSSE REACTIONS 

n-uu the clinical studies conducted in previously areated 
iJSeati. 47 out of 12.932 infusions (0.36ro) were associated 
SSth 58 reported aiinor adverse reactions. Of these, 19 re- 
wen local to the injection site (e.g.. burning, pruri- 
mfrythenia): and 39 were systemic complainta (dizziness, 
jguiea, cheat discomfort, sore throat, cold feet, unusual 
taitt ifl mouth, and slight decrease in blood presstire). In 
tbi itedy with previously untreated patients. 3.254 infu- 
goQi havB been associated with 11 minor adverse reactions 
(0J4%): two repona of enthema at the injection site, one of 
fr««l flushing related to me infusion, one report of diar- 
riiM, two reports of nonspecific rash, two reports of fever, 
ifff three reports of emesis. No serious reactions have been i 
ifpoited. and all reactions have been self-limited. 1 

DOSAGE AND ADMIMSTRATIOX i 

Eich bottle of HELDL-^TE has die rAHF content in interna- ; 

tuaal units per bottle stated on the label of the bottle. The - 

noxuQtuted product must be administered intravenously ' 

by either direct syringe or drip infusion. The pnxiutt must ' 

bt administered vithin 3 hours after reconstitution. ! 

G«fMral Approach to Treatment and Assessment of Treat- j 

The dosages described below are presented as general \ 
ftiidance. It should be emphasized that the dosage of \ 
HELDCATE requL-ed for hemostasis must be individualized i 
•oeordiag to the needs of the patient, the severity of the de- ' 
Sanc7. ibe severity of Uie hemorrhage, the presence of in- ' 
liibitors, and the factor \1U level desired. It is often critical { 
to foitaw the course of therapy with factor VTH level assays f 
TTia ciiaicai effect of fULECATE is the most important ele- ' 
Ottt la eraluating the effectiveness of treatment. It mav be ' 
"oaary to administer more HEUXATE than would be es- \ 
oaited m order u> attain satisfactorv clinical results If the ■ 
«^tN dose fails to aita:n *Jie expected factor Vm lev- \ 
I !?^^ controUed after administration of ! 
™ caicultted dosage, the presence of a cimilating inhibitor : 
suspect. Its presence should be ' 
J^taatuted and the mnibitor level quantitated by appro- 
^Ubor^top. tests. ^Tien an inhibitor is pie^nrthe 
^ ^<»^ment for r.\HF is extremely variable and the 
can be deiennined onJv bv the clinical response 

with factor vm without a resultant an- 
TJ^me m mhibitor nter" Factor Vm levels and clin- 
^sessed to insure ade- 
*« Pactor^' °^ ^i«r^a::ve -j-eatment produce, such 
rancentrates. Antihemophilic Factor 
*^ forlnl^;^';''' Coagulant Complex, may be nee- 
'^taentVl^y u*'. anamnestic responses to factor VXH 
^^tu and/or hign titer inhibitors. 

m,T^"f "Elevation in factor VHI level can be es- 

^ooSniivf ' ' '"^^^^"^ of calculation is 

in -^b^^^^a^i « al.^ and is illus- 

E^.ZT'J^'e above) 
, •^^nd table above) 

^*^^table abov.i 
S^feabovei 

?* *^ ind'^!!?^'^ '"^ achieve heraostasis depends upon 

2L^*inf Y '^^^'^^^e ''Pi^**^^- according to 
H4n^^*"*'"3i r-iiceiines: 

Sl^ of lo^ru^ 7*'^°^"^5es may respond to a sin- \ 

?^8ut«|. lor- '^E' reading to an in vivo rise of ap- | 
i^"^ u^aT^^?' -^"^'-^^ ^e^Py need not 

fj^» Htmo^hige" ^^'-^eace of further bleeding. ; 

Wlin*^ ^Ittding episodes '.e.g.. definite hemar- ! 
« trauoai. the factor VTII level should be = 



\ Dosage required tU.-' = body weight (kf^j x desired % factor VIII incre ase 



Example for a 15 kg child: = 15 kg x iQOro = 750 lU required 
2rt/IU/kg 



Product Code 

NDC 0053-8120-01 
NDC 0053-8120-02 
NDC 0053-6120-04 




raised to 30-50% by administering approximately 15-25 lU 
per kg. If further therapy is required, a repeal infusion can 
be given at 12-24 hours. 
Severe Hemorrhage 

In patients with life-threatening bleeding or possible hem- 
orrhage mvolving vital structures (e.g., central nervous sys- 
tem, retropharyngeal and retroperitoneal spaces, iliopsoas 
sheath), the factor Vm level should be raised to 80-100% of 
normal in order to achieve hemostasis. This may be 
achieved with an initial rAHF (Antihemophilic Factor (Re- 
combinant), HELKATE®) dose of 40-^0 lU per kg and a 
maintenance dose of 20-25 m per kg eveo' 8-12 hours ^ 
Surgery 

For major surreal procedures, the factor VIU level should 
be raise_d to approximately 100% by giving a preoperative 
dose of oO ru/kg. The factor Vin level should be checked to 
assure that the expected level is achieved before the patient 
goes to surgery. In order to maintain hemostatic levels, re- 
peat infusions may be necessary every 6 to 12 hours ini- 
tially, and for a total of 10 to 14 days until healing is com- 
plete. The intensity of factor Vm replacement, therapy re- 
quired depends on the type of surgery and postoperative 
regimen employed. For minor surgical procedures, less in- 
tensive^ treatment schedules may provide adequate hemo- 
stasis.'^- ** 
Prophylaxis 

Factor Vm concentrates may also be administered on a reg- 
'oJar schedule for prophylaxis of bleeding, as reported by 
N'ilsson et al.'*^ 
Reconstitution 
Vacuum Transfer 

1. War^n the unopened diluent and the concentrate to room 
temperature (KMT 37*C. 99*F). 

2. After removing the plastic flip-top caps (Fig. A), asepti- | 
caily cleanse the rubber stoppers of both bottles, j 

3. Remove the protective cover from the plastic transfer j 
needle cartridge with tamper-proof seal and penetrate 
the Stopper of the diluent bottie (Fig. B). ' 

4. Remove the remaining portion of the plastic cartridge, in- 
vert the diluent bottle and penetrate the rubber seal on 
the concentrate bottie (Fig. C) with the needle at an an- 
gle- 

Altemate method of transferring surile water With a 
sterile aeedJe and syringe, withdraw the appropriate vol- 
ume of diluent and transfer to the bottle of lyophilized 
concentrate. 

5. The vacuum will draw Oie diluent into the concentrate 
bottle. Hold the diluent bottie at an angle to the concen- 
trate bottie in order to direct the jet of diluent against the 
wall of the concentrate bottie (Fig. C). Avoid excessive 
foaming. 

5. After removing the diluent bottle and transfer needle 
(Fig. D). swirl continuously until completely dissolved 
(Fig- £). 

7. After tiie concentrate powder is completely dissolved, 
withdraw solution into the syringe through the niter nee^ 
die which is supplied in the package (Fig. F). Replace ±e 
filter needle with tiie administration set provided and in- 
ject intravenously 
3. If die same patient is to receive more than one bottie, the 
contents of two botties may be drawn into the same sy- 
ringe through a separate unused filter needle before at- 
toching the vein needle. 
[See Sgures A-F in next column! 
Rate of Administration 

The rate^ of administration should be adapted to the re- 
sponse of the individual patient, but administration of the 
entire dose in 5 to 10 minutes or less is well tolerated. 
Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administra- 
tion, whenever solution and container permit 
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HOW SUPPLIED 

Antihemophilic Factor (Recombinant), HELIXATE® is sud- 
pUed in tiie foUowing single use botties with the total units 
of factor vm actii.-itT stated on the label of each bottie. A 
suitable volume of Sterile Water for Injection, USP, a sterile 
double^nded transfer needle, a sterile filter needle, and a 
sterile administration set are provided. 
fSee fifth table above) 
STORAGE 

HEUXATE should be stored under refrigeration (2*-8'C: 
36'-l6'F). Storage of lyophHized powder at room tempera- 
ture (up to 25'C or 77*F) for 3 mondis» such as in home 
a^atment situations, may be done without loss of factor 
vm activity Freezing should be avoided, as breakage of the 
diluent bottie might occur. Do not use beyond the expiration 
dato indicated on the bottie. 
CAUTION 

U.S. federal law prohibits dispensing without prescription. 
UMITEO WARRANTY 

A number of factors beyond our control could reduce the ef- 
ficacy of this product ^r even result in an ill effect following 
its use. These include improper storage and handling of the 
product after it leaves our hands, dia^iosis, dosage, method 
of administration, and biological differences in individual 
patients. Because of these factors, it is important that this 
product be stored properiy, and that the directions be fol- 
lowed carefully during use. 

No warranty, express or implied, including any warranty of 
merchantability or fitness is made. Representatives of the 
Company are not authorized to vary the terms or the con* 
.tents of the printed labeling, including the package insert 
for this product, except by printed notice from the Compa- 
ny's headquarters. The prescriber and use of this product 
must accept the terms hereofl 
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MO>OCLO>AL ANTIBODIES ^lost other plasma proteins employing a chromatc 

BACKGROUND OF THE INVEVTIOV s ^'f ^^'^^'^'^ "^'^ ^^^'"'^ 

or^^ivwxvwu. 1^ I 1£n vti.N i iu> 5 polyclonal antisera to VUhKP (anti-VIILRP) are cou- 

l. Field of the Invention pled. Factor Vlll/von Willebrand factor containing 
This mvention relates generally to a method of sepa- plasma is passed through the column which adsorbs 

rating and purifying factor VIII procoagulant activity both VlllrC and VIILRP. Other unwanted plasma dto- 

protem. More specincally, high purity factor VIII pro- teins are removed from the column by washine with 

coagulant activity protein is separated from von Wille- ^0 buffered saline solution and the desired Vni'C is ob 

brand Factor by a two step chromatographic adsorp- tained by subsequent elution with a calcium-ion Eradi- 

tion and concentration technique from plasma or con- ent. Although it is stated to be an improvement in both 

'^^'l^^^''- . . r u T. . P""^y °^ VUhC. when compared to the ore- 

1 Descnption of the Pnor An viously known methods, it is also stated that U^St- 

Tlie isolation of the anErhemophihc factor 15 uig product also contains VIILRP and othrr 

plasma has been descnbed in the literature. TTie precise proteins. Such contaminants mav be attribuUble to^ 

Tfactor Vnf T '^'T'r 'T""'' "'T' of polyclonal antisera bound J, the a^se ^^^^^^ 

VlSX:^^^T^ ™munogIobuUnsT.m Sh 

unavailability of sufTlciem quantities of pu?e mMeriL 20 /'^.X?^^^^^ are not speciHc to VIII:RP, 

with which to conduct further studies.'^The limited ' 5 V^^p " v^^^^^ 

availability of pure material and its existence in a dilute h^,. "f; '° relatively small 

state has also hindered its use in therapeutic applica- ^ l"" rT?^^"''" ^"'^"^^ ^ 

tions. number of bondmg sites on the agarose. 

Factor VIII procoagulant activity protein functions 25 Another method for separating VllhC from VIII:RP 
to correct the clotting defect in hemophilic plasma It nstocetin co-factor by a chromatographic tech- 

circulates in plasma complexed with the von Wille- "^''"^ employing ammohexyl-substituted agarose has 
brand factor protein. The latter can alter the platelet t>een descnbed by D. E. G. Austen. '^The Chromato- 
function defect in von Willebrand^s disease. That por- S^"apJ^ic Separation of Factor VIII on Aminohexyl Se- 
lior of the factor VIII von Willebrand factor complex 30 P^^arose." BRITISH JOURNAL OF HA- 
having coagulant activity is referred to as factor VIII EMATOLOGY, Vol. 43, p. 669 (1979). The described 
procoagulant activity protein, factor Vlll-clotting ac- ^^^^o<^ is stated to be an improved method for the 
livity or simply Vni:C (the designation of "VIILC component parts of both human and 'porcine factor 
will be used hereinafter to identify the portion of the ^Hl/von Willebrand factor. This method, however, 
factor Vqil molecule with such clotting activity.) The 35 suffers from the fact that contaminants are present 
other portion of the factor VIII von Willebrand factor ^" resulting product. In both the Tuddenham et al 
complex having the ability to correct the platelet func- Austen methods a contaminated product, which is 

tion defect in von Wi]Iebrand*s disease is referred to as dilute than is normally desired, is formed, 

von Willebrand factor, factor Vlll-related antigen. Hence, it is clear that there still exists a need for an 
VIIIR:As, VnirRP factor. (The description "VIILRP" 40 improved method for separating and purifying VlllrC 
will be used hereinafter to identify the platelet correc- ''^^^ VIII:RP using plasma or concentrates. Therefore, 
ticn function of the factor VIII molecule). Although yet is an object of the present invention to satisfy such a 
unproven, there is evidence to support the conclusion -^eed. 
that VIIIiC exhibits properties and the behavior of a cttww . 

small molecule which is combined with VIIlrRP as a 45 SUMMARY OF THE INVENTION 

non-covalent complex. There is also a basis for the The present invention relates to a method of separa- 
coniention that the properties associated with both "on of the component molecules of the factor Vlll/von 
VlllrC and VIII:RP may also be a single molecule Willebrand factor complex, V1II:C and VIII:RP, and 
which under appropriate conditions may be cleaved, the purification and concentration of the pro-coae'ulant 
yielding two fragments. 50 activity protein VlllrC. The method achieves the ob- 

In view of the need for identifying the structures of ject of producing highly purified VIII:C using a two 
the factor Vlll/von Willebrand factor complex. VIILC step procedure. 

and VIII:RP and the important pharmaceutical value of The first step involves immunoadsorption of factor 
the coagulant activity ascribable to VIILC, numerous VIII from plasma or a commercial concentrate The 
attempts nave been made to purify factor VIII and to 55 adsorbent employed comprises a monoclonal antibody 
separate and concentrate VIII:C and VIIlrRP. The specific to VIILRP which is bound to a suitable sub- 
tecnniques used are based generally on either im- strate such as, agarose beads. After the VIII-C/VIII-RP 
muncadsorption or ion exchange chromatography. is initially adsorbed, the substrate particles are washed 
Such techniques as heretofore used have had limited extensively with a buffer solution to remove unad- 
success due to the difficulty of desorbing the proteins 60 sorbed protein. The adsorbed material is then treated 
irom the charged icnic material in an undamaged condi- with a calcium ion containing solution to elute the ad- 
iion or recovenng same in suitable quantities. sorbed VIILC The VIII.RP portion remains adsorbed 

vm R p'"!!; r °' separating VIIIiC from on the anti-VIIIrRP bound material. At this point about 

vm.RP utilizing immunoadsorbent chromatography 40-60% of the VIII:C initiailv adsorbed is recovered in 
P-L.'^.I?/'p , ^"^^^"^^"^ ^' *"nie 65 a highly purified state. However, the procoagulant ac- 

operties ot Factor \ II Coagulant Activity Prepared tivity protein recovered, although extremely pure. i.e.. 

OF "rBOF^T^^^^^ O In'^C^l"^^^^^^ '''^'l' contaminants, is too dilute to be of 

UAbORATORY CLINICAL MEDICINE, Vol. significant therapeutic value. 
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The second step of the present process is directed to trate is used. This corresponds to a mo f«M t 
substantially concentrating the recovered purified cation W nl«r«, Ti: 

VIII:C u.ing a technique which may be characterized lO^rcom'^Tto '"^"^ ''/"^^^ 

as afTmity chromatography. g^^cr man lu as compared to the ratio m plasma. 

The VIII;C solution obtained from the first step of 5 DESCRIPTION OF THE PREFERRED 
the present process haWng a potency of approximately EMBODIMENTS 
10-20 International Units (hereinafter "units") is nro- Th^ f^ii/^^.^^^ • ■ 
cessed in a column conraining aminohexyl subs tut °d n,a;„er ° Xh the emboZ T^'f't' 
agarose. The column is then washed with a buffer solu- Son mav ^ m,H, ? " °! '"men- 
tion and the VIII:C .s eluted with a calcium ion-conta^- 10 eDarTtion ou^fi«,i^ T '° 
ing solution to vield a \'III:C concentration in excK^of ^dZr^^'r^ T ^""""'""on of VnirC to 
IMO units per ml. and being gLter hari60 cJ^toW fore^^^ f/"' known her,:to- 
purified from plasma. Thus the p esent meSiod^iS^ SvenS-T tTr^tlT T'"^''''^ '"^ P'««' 
unexpectedly high purity procoafulant ac" vTty pro£ invenf on Ld . ''k""™"* specifically limiting 
in a highly concentrated and therapeutic^ S 15 with n?h, vanat.ons which would be 
state. Methods used heretofore f.il ro T;:^" .r.' u " ri'!^ " ™ P^T.?^' ^'""^'^ 'his art are to be 
notable results for several reasons. The me^Sd of Tud '° «^°P= °f '"^""io"- 
denham et al, described earlier, employs bound poly- ^- Preparation of Monoclonal Antibody to VmjIP 

ciirioriTnrrbod^^^^ , JXru„?;;r '^''^''^ ^° ^".i^^ 

present invention. As a result, fewer specific ^tibot^lc separation substrate may be pre- 

to Vin:RP are coupled for a ^^^S ofaa^Sf nu^in ^^^^^^^ P^?"'^"^ «^««g with a hi/hly 

In the method of ?he present invention monlS ff^?!?-^;^'}??^^^^ 

antibod es are exclusively bound to a relariv..i« in.« ■ ^ V* '": complex). The punfication for 
substrate. When the L^L ofTudde^TdL J^^d ^5 ^ZIT:"" " accomplished with material obtained 

only 2.6 to 6.4 units of VIII-RP per ml^n^uno^irh!. plasma source. Less highly purified material for 

lin-kearose beads rVnuiv;;"; 7.' " .r"!^"?": P°'>-'"yI P'^tes is obtained in high er concen- 

amount applied to the column) are removed This com- ATEftradTmToTr'"' "Sf' " 

pares to greater than iOOO units per ml of beads (or fhof ^ Pharmaceutical Co.. Tuck- 

90-100% of the VIII:RP which is applied to the coT ^0 °' "*^°P"^ 'J ''^^ 

umn) which is recovered when the monocbna^^am fo^^.H h P""fi"'ion is per- 

body immunoadsorbent of the presentlnSon i, p,^^^ ^ f ^ a standard agarose-gel filtration of dryopre- 

ployed. Th.s abUity to aLorb'^mTre vnrc.^n^ "f' r"" vrn oT"""^ 2i""°em.an. «d 

(factor Vlll/von Willebrand factor) per m^'J^^ea^ mv ^OaI^Iys Cuinc^'^Tl'.'r^i^^ 

accordingly results in a higher concenSarion of Vni:C 35 TEC^?qX^FOK Se R ^m^m 

when It !s subsequently eluted from rhp fmTtii.T,r,^^o«,u i ^ . , ^ ^^^^ ^' ^- Nakamura et 

VIIhRP- however the use of nnlvH^ f u f™'^'" °' of buffer containing 0.05 M Tris, CIS 

results in .Ir^^.r.f^:.,^ sodium chioride. 0.02% sodium azide, 1 mM phenyl 

there is an inXect reSsh ip beTwtS thTaS 4, Tfl^ ^ulfonyl fluoride, traysylol 10 units/ml at pH7.3. 
the bound antibody for VIII^RP Id the eiT^^^^^ shaking with a^ equal volume of complete Freund's 

VIII:RP. Thus, the higher ie aLSof the S^^^^^^ °" '^'r ^Sain injected with 

for VIII:RP, the less VIII RpS'^s.n^^ "«P' "complete Freund's adju- 

VIII:C in th clu Jt TT,r"e^^t kvemion^^^^^^ TS"? '1'"""'"'^ ''"^ =°™P'"' P^""'^'^ adjuvant On 

it possible to produce an unSd supjy of 4e^c" 50 the mi'ce 1'"'""°° f " ^'P"'"'" °" ^8. 

ned monoclonal antibody, thus eliraSe 1 ! ' i^J^u**' '^'^ P"^*'*'* VIILC/VIII:RP 

among different batch«: * '-"<.uons only on day 42. the spleens of the mice are removed 

Although Austen, as earlier described has rrnnrt.rf , to a standard procedure, of the 

the use of aminohexyl-ag^o« tolepSe ^nT{?a^ Z^ ^^^'^^^J'L^^- « ^ Antigens 

Vm:RP. such a materia has not heSorrbeen used ss frnm,?? ""'^ Mahgnant Human Cells Identified by 
to concentrate vni:C following a Lp^S.n:m^^^^^ of^X"''!^!?^"" "^'^ Monoclonal .Antibodies", 

cation step. Heretofore thrWehe« V^n r ^? JOURNAL OF BIOLOGICAL CHEMISTRY. Vol. 
tions achieved bv ^ng anLnoheS"a3s^ i„ chrotr S'" f^'^P^ <'^*°>- "^^ ^^'"^'^ 

.ography were 6.53 u'nroer m?if1^^ L human r^ls^subs'llrL'ltrr"'.^^' '''t P"'^'^'^^'-^ S'V««>' 
protein and 2.38 per mi of eiuant for porcine VIlTc «i !?v> substituted for 50% polyethylene glycol. A 
The present method permits concenfradons several" k„h ? vTnn ^ ^'^''^ Producing anti- 

orders of magnitude grMt™L ,h^ PerC o^even ^Z ' ^j^^^^P « P'^onned according to the follow- 
greater significance, °s the facMharThe oSt inv™ n ^ Procedure. Polyvinyl plates, with a "V" bottom. 
..on provides for a greater pl^ficSon of h^^ Vmc S ^^l^'/ommr."^' ' "I- ^™ P""' 

than has ever been .-eported (164 000 vs 17 000 few nv,, « a - 7 """"e^c^a' ««ract according to the procc 
plasma). The present mefhod 'Sch i^TscSbed n S P5 mt/^f f''^^' -'"'^'"""^ " concentration of 
more detail hereinafter, yields VIII-C with a^oecif.^ 2 .'"6/'"' of protem. The plates are blocked with 
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are then washed and reacted with rabbit anti-mouse 

IgG antiserum, washed a second time and I labeled Preparation of the Immunoadsorbent 

goat anti-rabbit IgG antiserum is added to the wells and The immunoadsorbent is prepared by suitably prepar- 

mcubaied. "Hie plates are agam washed, then dried and ' ing the monoclonal IgG for coupline orenarin^^^^^^^^^ 

the wells cut-out and counted After determining the 5 solid substrate for coupline and reacting the two com 

clones which are positive they are subcloned at least ponents to bind the former to the later 

twice and stable clones producing antibody to VULRP 0) Preparation of IgG for Coupling 

are then injected into the peritoneal cavities of Balb/C ^^eshly precipitated IgG may be used or orevi- 

mice which have been pretreated intraperitoneally with °^'>' precipitate may be thawed for use The 

0.5 ml of prisrane at least four days prior to injection of ^° i"atenal is then dialyzed against PBS. and while still in 

cells. Hybridoma ceils are injected at concentrations of volume and IgG concentration 

approximately 5x 10* cells per mouse in 0.5 ml of Del- (A2go/I.4=mg/mi IgG) are determined. The IgG is 

becco's modiHed Eagle's medium without fetal bovine ^ i^n^^^^ "^^^^ between 10 and 30 microliters, prefer- 

serum. The mice are tapped when bloated and ascites ,< cn rf*^.^°'?^"* o*" <l»»sopropyinuorophosphate per 

fluid is collected in heparin at approximately 10 °*^^SG solution. The resulting solution is stirred at 

units/ml. Ascites fluid from multiple mice is pooled to 1°^? ^^^^'^^'^ J"" ^ ^0 '"^""tes and the 

provide a convenient volume for subsequent isolation of 1^!^ immediately prior to use, is dialyzed over- 

the monoclonal IgG. If the heparinized ascites fluid !s tot', m'oT u.S is^ 

not used tmmed ately, it may be stored at -70' C anH . i * I suitable is a 0.25 M sodium bicarbonate 

thawed just prior to L. The fmSongG fron,^^ gdro'df"'"' " ' ""'^""'^ ^'^^ 

The specificity of the monoclonal IgG for the pur- any 'JaSl wh^ ^o'^ ^rh^^^^^^ '^T.^X 
pose of punfyng Vm:C may be assessed by coupling 25 protein, particularly factor VllSlf, such ™ eriLL 

the IgG to a separation substrate medium, in the manner glass beads, agarose and derivatives thereof ^e orf 

described hereinafter, and demonstrating that the bound ^rred. Most preferred is a crosslinked agarose available 

IgG removes 30th Vm:RP and VIILC from plasma commercially as a gel known as Sepharose CUB 

ana that the VIILC may be subsequently eluted with a (trademark of Pharmacia Fins Chemicals Piscatawav 

solution containing calcium ions while the VIIhR? -° ^-J)- ' 

remains complexed to the monoclonal IgG which is "^"^ "method of preparing the preferred immunoad- 

bound to the solid-state substrate. sorbent resm is generally the same as that disclosed in 

The monoclonal IgG, which is to be used subse- literature, such as the method of J. Porath et al 

quently to prepare the immunoadsorbent. mav be iso- i?^^,th CHROMATOGRAPHY, Vol. 86. pp.' 

latcd from heparinized pooled ascites fluid immediately " } „ ('^>^)- The method found most suitable is as 

after collection or a frozen portion of the stored sclu- ["""ws: a volume of about 2 liters of Sepharose CL2B 

tion may be thawed. Regardless of whether fresh or r , tJ" 2 liter sintered glass filter 

frozen material is used, the solution is brought to 4" C v *^ ^'^^^^ 'o a 

and treated with an equal volume of phosohate buffered ^ cashed resin is placed in a large (ap- 

saline solution (PBS), the composi ionTwhich is set ZT^Z" '""^^P"^ » -"-S- 

fonh below. The diluted asci-es isVredl^ated bv dron "^m T"^ ^° ^'^'^^'^ °f 

wise addition with stirrinrat 4' C nf 1p ,n ^ Potassium phosphate buffer solution, prepared by 

of satuS ^molm 'su fate fSASV Tl^it^T T","' T" ' ' "'"^^'^ P°'^«-"'" P^o^P^ate 

and Its supernatant liquid are stirred for at least 2 hours ice-water bath placed on a magnetic stirring plate In a 

earned out at 14,000 rpm for 60 mmutes (30.000Xg). ^0 a stoppered glass bottle containing a magnetic stirring 
i he supernatant solution of ascites is precipitated twice mixture is rapidly stirred until solution results 

more with SAS and the mixture of precipitate and su- cyanogen bromide solution is then added with 

pernatant liquid stirred and centrifuged in the same 0^^=^ a 2 minute period to the cold Sepharose 

rnanner as in the first cycle. The pellets resulting from "^^^ture. Stirring is continued for an additional 8 min- 
the third precipitation are resuspended in a volume of transferred to a chilled 2 hter sintered 

PBS equal to that of the diluted ascites fluid and then ^'^^^^ supported in a 4 liter vacuum flask, 

disalyzed exhaustively against PBS. Clots appearing in cyanogen bromide treated resin is then washed 

the dialysis bags are removed bv centrifugation at 20' C approximately 20 liters of cold water or until the 

The dialyzed IgG is adsorbed by stirring it with a 5% ^ f ^^^"^^ '^'^^ washed resin is then 

aqueous solution of aluminum hydroxide at room tern- }^ equihbrated with cold coupling buffer and then 

perature and centrifuging at 20' C after adsorption [''^sferred to a 4 hter plastic beaker equipped with a 
The adsorption treatment is repeated at least three more ^^'.^.i^^L^S^^^^c stirring bar. 

times using 2.5% aluminum hvdroxide solution for each q u"^ <-0"Pi'"g ^he Monoclonal Antibody to the Solid 
treatment after the first. The adsorbed IgG is brought to 6^ rl'^? u 

4- C. and reprecipitated once with SAS as described .h '^^^^ J^^^'ratc resin, prepared as indicated 
above. The precipitated pellets mav be stored a^ 20^ r u^^' '° "^'^ ^q"i*>^ted with 

C until used ' ^°"P''"g should not be stored thereafter. 

Accordingly, the resin mixture is combined with the 
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IgG which was previously diaJyzed overnight against 
coupling buffer. The combined resin/IgG suspended 
mixture is stirred at 4' C. for a period of about 24 hours. 
The A28O of an undiluted sample of the supernatant 
coupling iiquid may be determined using bovine serum 5 
albumin (BSA) as a standard or Bio-Rad protein assay 
(Bradford reagent) with BSA as standard. The percent- 
age ligand which is coupled may then be calculated. 
When the above described procedure is followed, this is 
usiiaily about 95%, Any remaining active sites on the 10 
resin not coupled to antibody may be blocked by wash- 
ing the resin on a sintered glass filter funnel with cold 
coupling buffer containing 0. 1 M glycine. The resin is 
then resuspended in this solution to a final volume equal 
to that when the resin and antibody, each in coupling 15 
buffer, were combined. The suspension is stirred slowly 
overnight at 4* C. The resin is then washed thoroughly 
with VlllrC-buffer, the composition of which is given 
below. The coupled, blocked resin is then pre-eiuted 
with VIIIrC-bufTer additionally containing 0.5 M cal- 20 
cium ions, preferably calciiim chloride. The resin is 
again washed with VIII.C buffer alone and stored at 4* 
C. or in a continuously pumped column at room tem- 
perature untU ready for use. The coupling density of 
IgG to SEPHAROSE should be 2-5 g, preferably 3-4 e ^5 
IgG/Iiter of SEPHAROSE. " 
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C. Separation and Purification of VIII:C 
(i) Sample preparation of factor VIII, such as human 
and animal plasmas and commercial concentrates of 30 
factor VIII, may be employed in the present invention 
and the method is not limited as to a panicular type of 
material. Preferred materials, and those which have 
demonstrated successful results, are porcine and human 
plasmas and commercially available concentrates of 3^ 
human factor VIII, such as FACTORATE available 
from Armour Pharmaceutical Co. The following de- 
scription provides details for using both porcine plasma 
or commercial human concentrate such as FACTOR- 
ATE: ^ 

FACTORATE is reconstituted by adding 25 ml por- 
tions of VIII:C-buffer to the contents of each of 20 
bottles containing 400-500 VIIIC units per bottle (25 ml 
per bottle). The mixture is adjusted to a final volume of 
1 liter with VllliC-buffer. A sample aliquot of 0.5 ml 45 
may be removed for assay and the remaining material 
applied to the immunoadsorbent column overnight at a 
rate of approximately 60 ml/hour. 

Porcine plasma, when not freshly drawn, is citrated 
by conventional means and stored frozen. WTien ready 50 
to be used it is thawed at a temperature of between 
35*-40" C, preferably 37* C and applied directly to the 
column at 60 ml/hour. 

It should be noted that while the description of the 
present invention refers, and is directed primarily, to the 55 
use of immunoadsorbent coupled particles in a chroma- 
tography column, it is within the scope of this invention 
to perform batchwise separations by placing the anti- 
body-bound resin panicles in a suiubie container and 
after adding reconstituted concentrate or plasma, 60 
VIII:C as outlined above and described in more detail 
below. 

When the process is carried out in a chromatography 
process, the following embodiments are preferred: 

The resin is placed in a column, such as an Amicon 65 
S600K (trademark of Amicon Corp., Lexington, Mass.), 
equipped with a peristaltic pump and a high flow head! 
When concentrate is used as the source of factor VII 1. 



for 20 bottles -of diluted concentrate, approximately 1 5 
liters of resm. prepared as indicated above, is used 
When porcine plasma is used. 150 ml of resin is used for 
• each liter of plasma. 

After the sample is applied to the column, it is washed 
wuh 1 liter of VIII:C-buffer. followed by a second 

Zt^^O% M Vn'f "^^"^ additionally con- 
tains 0.5 M NaCl. Approximately 20 liters of saline- 
buffer is used when factor VIII is applied as concentrate 
and 20 bed volumes when porcine plasma is employed. 
Opnmum results are obtained with a fiow rate of I 
liter/hour. 

wT?]"^'w"rr°*" P""^^'^"^ accomplished with 

viilrC-buffer containing calcium ions. Although a lin- 
ear gradient, as taught by Tuddenham et al. supra, 
works well, It IS not required in order to accomplish the 
object of this invention; a solution having a fixed cal- 
cium ion concentration is quite adequate. Thus, when 
VIII;C derived from concentrate is being eluted 
VIII:C-buffer. 0.25 to 0.5 M with respect to calcium 
chlonde, preferably 0.35 M, is used advantageously as a 
flow rate of between 450 to 750 ml/hour and preferably 
600 ml Aour. When the VIII:C is obtained from porcine 
plasma, elution is performed with VIII;C-buffer being a 
calcium chloride concentration of between 0.35 and 0.7 
M. preferably 0.5 M and at a flow rate of between 10 
and 30 ml/hour, preferably 20 ml/hour. Fractions of 12 
ml and 3 ml are collected for VIII:C originating from 
concentrate and porcine plasma, respectively. Those 
fractions containing at least 1.0 unit/ml of VlllrC activ- 
ity are pooled and the total volume and activity of the 
pool determined. 

The VIILC pool is initially concentrated to 10-20 mi 
by a standard procedure such as pressure ultrafiltration. 
For this purpose, Amicon stirred cell in which a YM-IO 
membrane under 50 psi of nitrogen pressure has been 
found to work well. Slow stirring is continued for 30 
minutes after nitrogen pressure is released, and the vol- 
ume and activity of the concentrated pool are deter- 
mined. The pool may be stored for a brief period, that is, 
overnight for example, if a temperature of 4' C is main^ 
tained. 

It may be noted that the immunoadsorbent column 
described above may be regenerated bv treatment of the 
column with 2 bed volumes of 3 m' aqueous sodium 
thiocyanate solution run at a How rate of about 0.5-1 
liter/hour to elute VIIIrRP. 



D. Concentration of Purified VIII:C 
Although the VlllrC recovered from the separation 
from VIII:RP by means of the immunoadsorbent col- 
umn is highly purified, it is still too dilute to be thera- 
peutically useful. Further concentration and a four fold 
increase in purification when porcine plasma is used is 
accomplished by use of an aminohexyl agarose column 
which is prepared and used in the following manner: 

(i) Preparation and/or Conditioning of a Aminohexyl 
Agarose Column: 

Aminohexyl agarose is agarose which has been re- 
acted with 1,6-diaminohexane to yield an agarose resin 
having a number of 6 carbon atom chains, each of 
which has a terminal amino group. It may be prepared 
according to the method described by .Austen, supra, or 
acquired from a commercial supplier. One such material 
which has been used successfully in the present inven- 
tion is available under the name of -AH-SEPHAROSE 
4B (trademark of Pharmacia Fine Chemicals. Piscata- 
way, N.J.). 
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Whether prepared or purchased, the resin should be 
conditioned prior to use. This may be accomplished as 
follows, the volumes, amounts and dimensions being 
adjusted in proportion to the amount of matcriaJ to be 
concentrated: ^ 

Approximately I gram of aminohcxyl agarose (AH- 
SEPHAROSE 4B) is placed in a sintered glass filter 
funnel and washed with at least 200 ml of 0.5 M sodium 
chlonde. while stirring. The resin is then equilibrated 
with VIIIiC-bufTer and packed in a column of approxi- 10 
raately 0.9 cm diameter. A Bio-Rad Econo-Column 
with now adapters has proven quite suitable for the 
type of use considered here. The bed volume of the 
packed column is approximately 4 ml. 

(ii) Application to and Use of the Aminohexyl Aga- 15 
rose Column 6« 

The concentrated pool, prepared as described above 
VIII:C.buffer to a final concentration 

IS'SJJf a-Sfi." ""^ " « 5 3 SnT '"^ 

The column is then washed with VIII:C-bufrer which "^'"^ "^^^ 

now rate of between 5 to 20 ml/ho^u;! SSy" 0 in^^S^^^^^^ 



ten. -Preparations of VIII:C obtained from a porcine 
plasma source should be stabilized within 5 to 10% 
human serum albumm prior to storage 
wi1^l!^Z^^ performed by diluting the fractions 
with VlII^ buffer if necessary and further dflutine the 

s^^Ji'^r.^' '"-^^^ additionTo'tt 
L Soyed.^'"' ^^'^ thromboplastin time assay 
The composition of the buffer solutions is as foUows: 
Phosphate Buffered Saline Solution: 
1.6 g sodium phosphate, monobasic monohydrate 
8.4 g sodium phosphate, dibasic anhydrous 
61.4 sodium chloride 
Water to 7 liters 
pH of buffer is 7.2 

VIII:C.Bufrer 

ml 0.02 M imidazole 



TABLE 1 

.Vin:C Obtained From FACTQRaTE Cona:mr»t. th. 



Vine VTIIC 



From 



Sample Applied lo 
Immunoadsorbent 
Pool resulting from 
Immunoadsorbeni 
Pool After Inhial 
Concentration 
Sum Resulting from 
Aminohexyl Column 
Aratnohcjcyl 
Fraction #3 
Aminohexyl 
FracTton #4 



(ml) 


ml)* 


Units) 


500 


18.S 


9400 


1020 


4.6 


4692 


20 


134 


26SO 






1576 


0.95 


1172 


1112 



Protein 



of vni:C/vni:Rp 

^peciflc 

Activity Plasma 

Recovery (UniU/ (Fold 

^ "8) Pnrif.) 



29 



14,500 



50 



*A frozen btiman pUsnu r 



0.51 
- 0.23 



0.48 



50 
29 (57) 
17 (59) 

12 



2294 
2370 



i « the lundarc for vmc ««y, ,«J t^c vtJue of I ha«« u-« per ml. 

TABLE II 



163,357 
169.285 



vrr!:C Obtained From Citrated Poreine Plasmn 



Sample Applied to 
Immunoadsorbent 
Pool Resulting from 
Immunoadsorbent 
Pool After Initial 
Concentration 
Sum Resulting from 
Aminoheiyl C olumn 
• •Porcine ^Itsa 



Volume 
(ml) 


Vine 

(Units/ 
ml) 


Vine 

(Total 
Uniu) 


Protein 
(mg/ml) 


Protein 
(Total mg) 


Recovery 

{%) 


Specirtc 
Activity 
(Units/ 
mg) 


.From 
Plasma 
(Fold 
Purif.) 


1000 


1* 


1000 


76 


76.000 


too 


0.013 




70 


8.8 


613 






61 






5.76 


88 


494.5 


0.242 


1.355 


49.5 


364 


28.000 


5.0 


49 


247 


0.035 


ai75 


25 


1413 


109.000 



d « .he ro. Vine ^ ^ , ^ ^ 

ml/Tiour with VIILC-buffer containing a higher con- 
centration of calaum ions than was employed with the 
precedmg washing step. Again, calcium chloride is the 
preferred source of calcium ions in a concentration of 65 
between 0.25 to 0.5 M. preferably 0.3 M. Fractions of 1 
ml volume are collected and assayed as described be- 
low. Collected fractions may be stored at 4* C or fro- 



Although only preferred embodiments are specifi- 
cally Illustrated and described herein, it will be appreci- 
ated that many modifications and variations of the pres- 
ent mveniion are possible in light of the above teachings 
and withm the purview of the appended claims without 
depanmg from the spirit and intended scope of the 
mveniion. 
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What is claimed is: r u « ^ 

1. An improved method of preparing Factor VIIT I^T* T ^ " ^ step (b) 

procoagulant activity protein compris7n| t^e stepsXf S aT" 5^ ^ "'^ W 

(a) adsorbing a VllhC/Vni/p coI^SL f^m' 3 piSr^TtiroT VmTfr't^*;?^^^ ''"'^ 
plasma or commercial concentrate source onto 5 i^l^nnnr^\,,^ ,Z ^ ^IlL-C/VniiRP compris- 
to'^Srj^""' ' "tibody spedHc «!d J^d^"'' ^^^''''^ '° ^"'^R? ''O""^ to 

(b) eluting the VIILC. improved immunoadsorbent of claim 8 

(c) adsorbing the VIII:C obtained in step (b) in an- 10 "^hT Irnrnv^^'"* '^"'^J^' " 

adsorption to concentrate and fuj;h?ipunTy ,0 wh^reiJI'sLd'T ctp"^"^^'*"^ °' 

(d) eluting the adsorbed VIII:C and • ^^l^^ ■ ™"«»noa«lsorbent of claim 10, 

(e) recovering highly purified and concentrated <^«s-BnJced agarose. 
VlllrC. concentrated 12. The improved mjmunoadsorbent of claim 11 

2. A method according to claim 1. wherein the elu- 15 of s'to "irof ^Jl^r^^'^Sl^^ " '=°"P'«8 dsnsit; 
tant used in each of steps (b) and (d) is a saline solutTon 13 Hifw^ P«" of agarose. 

3. The method accirfing to claim zTh^ S,e nJfn f^'^^'^ concentrated Vin.C pre- 
saline solution is calcium cUoridr^ '^l'* '".*f?°"*«^ ^* "ethod of claim 1. ^ 

5. The method according to claim 1 wh*™n «iH ^P^''""^^*^™?"^"^ the step ofpassing said plasma 
adsorbent particles in step (!) L^^ "^" hir/^S^^i' through a chromatog^V 

6. The method according to claii^T wherein amino. 7^ K^!? ^«>rbent to which is bound monoclonal anti- 
hexylagarose is employed^in step Tc) L the^Xt ^S^C Sr^m""'"^' "^'^^ ^^"^^ 

7. The method according to claim 6. wherein calch^ 16 Th. ' 

chloride solution is employed as the elutantTsto^ ?^ ad^LT^H™ according to claim 15, wherein said 
and (d), concentration of ^id calcium chbrideSSi ' agarose and said elutant is a saline solution. 
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wTsconlL°'''''°' °f R^^^^^l^' American Foundation for Biological Research, Madison, 
Research Associate, American Foundation for Biological Research, Madison, Wisconsin. 
Staff Scientist, Glaxo Research, Glaxo Laboratories, Ltd., Greenford, Middlesex, England. 

The following are representative of my technical publications: 

MacKenzie A^P. and Luyet, B.J.: A collodion sandwich-film technique for the study of the 
growth of ice m very thin layers of aqueous solutions. In "Electron Microscopy Vol 2" 
?o^^^^^T^l f International Congress for Electron Microscopy, Philadelphia, 

iy62). Ed.: S.S. Breese, Academic Press, New York, N.Y., p. P 2, 1962. 

MacKenzie, A.P. and Luyet, B.J.: Electron microscope study of the structure of very rapidly 
frozen gelatm solutions. Biodynamica 9:47-69, 1962. 

MacKenzie, A.P. and Luyet, B.J.: An electron microscope study of the fine structures of very 
rapidly fi-ozen blood plasma. Biodynamica 9: 147-164, 1963. 

MacKenzie, A.P. and Luyet, B.J.: Apparatus for freeze-diying at very low, controlled 
temperatures. Biodynamica 9:177-191, 1964. 

MacKenzie, A.P. and Luyet, B.J.: Apparanis for the automatic recording of freeze-diying rates at 
controlled specimen temperatures. Biodynamica 9:193-206, 1964. 

MacKenzie, A.P. and Luyet, B.J.: Effect of recrystallization upon the velocity of freeze- drying 
In Progress m Refiigeration Science and Technology" (Proceedings of the Xlth 
International Congress of Refrigeration, Munich, 1963). Pergamon Press. New York N Y 
VIC-2,pp. 1573-1581, 1965. ' " ' 

MacKenae, A.P.: Factors affecting the mechanism of transformation of ice into water vapor in 
the freeze-drymg process. Ann. N.Y. Acad. Sci. 125, Art. 2:522-547, 1965. 

MacKenzie, A.P.: Basic principles of freeze-drying for pharmaceuticals. Bull. Parenteral Drug 
Assoc. 20:101-129, 1966. 

MacKenzie, A.P. and Luyet, B. J. : Freeze-diying and protein denaturation in muscle tissue; losses 
in protein solubility. Nature 215:83-84, 1967. 



H:\D0C\PT0\DEC-MCKENZIE-2.D0ODNB/la 



3 



MacKenzie, A.P. and Luyet, B.J. : Electron microscope study of recrystallization in rapidly frozen 
gelatin gels. Biodynamica, 10: 95-122, 1967. 

MacKenzie, A.P. and Rapatz, G.L.. Transition from polyhedral to spheroidal ice crystals, and vice 
versa, in partly frozen aqueous systems. Biodynamica 10:219-227, 1968. 

MacKenzie, A.P.: Death of frozen yeast in the course of slow warming. In "The Frozen Cell" 
(Proceedings of a CIBA Foundation Symposium). Ed.: G.E.W. Wolstenhohne and M. 
O'Connor, J. and A. Churchill, London, pp. 89-96, 1970. 

Arenberg, I.K., Marovitz, W.F. and MacKenzie, A.P.: Preparative techniques for the study of soft 
biological tissues in the scanning electron microscope: A comparison of air drymg, low 
temperature evaporation and freeze-drying. In Proceedings of the Third Annual Stereoscan 
Colloquium." Kent Cambridge Scientific, Inc., Morton Grove, III., pp. 121-143, 1970. 

George, R.P., Albrecht, R.M., Raper, K.B., Sachs, I.B. and MacKenzie, A.P.: Rapid freeze 
preparation ofPictvostelium discoideum for scanning electron nicroscopy. In Proceedings of 
the Third Annual Stereoscan Colloquium. Kent Cambridge Scientific 
Inc., Morton Grove, 111., pp. 159-165, 1970. 

Rasmussen, D.H. and MacKenzie, A.P. : The glass transition in amorphous water. Application of the 
measurements to problems arising in cryobiology. J. Phys. Chem. 75:967-973, 1971. 

Arenberg, I.K., Marovitz, W.F. and MacKenzie, A.P.: Preparative techniques for the study of soft 
biologic tissues in the scanning electron microscope. Trans. Amer. Acad. Ophthahnology 
and Otolaryngology, 75:1333-1345, 1971. 

Albrecht, R.M., Hinsdill, R.D., Sandok, P.L., MacKenzie, A.P. and Sachs, I.B.: A comparative 
study of the surface morphology of stimulated and unstimulated macrophages, prepared 
without chemical fixation for scanning electron microscopy. 
Exptl. Cell Res. 70:230-232, 1971. 

MacKenzie, A.P.: Freezing, freeze-drying, and freeze-substitution. In "Scanning electron 
microscopy/1972. Ed.: 0. Johari, Illinois Institute of Technology, Chicago, Illinois, dd 274- 
280, 1972. 

Rasmussen, D.H. and MacKenzie, A.P.: Effect of solute on ice-solution interfacial free energy; 
calculation from measured homogeneous nucleation temperatures. In "Water structure at the 
water-polymer interface." Ed.: H.H.G. Jellinek, Plenum Publishing Corp., New York, N. Y. 
pp. 126-145, 1972. . 

George, R.P., Albrecht, R.M., Raper, K.B., Sachs, I.B. and MacKen2de, A.P.: Scanning electron 
microscopy of spore germination in Dictyostelium discoideum . J. Bacteriology 1 12:1383- 
1386, 1972. 
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Albrecht, R.M., Omdorif, G.R. and MacKenzie, A.P.: Survival of certain microorganisms subjected 
to rapid and very rapid freezing on membrane filters. Cryobiology 10:233-239, 1973. 

Omdorff, G.R. and MacKenzie, A.P.: The function of the suspending medium during the freeze- 
drying preservation of Escherichia coli . Cryobiology 10:475-487, 1973. 

MacKenzie, A.P. : Collapse during freeze-drying — Qualitative and quantitative aspects In "Freeze- 
Drymg and Advanced Food Technology." Ed.: S.A. Goldblith, L. Rey and W W 
Rothmayr. Academic Press Ltd., London. Pp. 277-307, 1975. 

Albrecht, R.M. and MacKenzie, A.P.: Tissue culnired and free living cells. In "Principles and 
Techniques of Scanning Electron Microscopy, Vol. 3." Ed.: M.A. Hayat, Van Nostrand 
Reinhold Co., N.Y. Pp.109-153, 1975. 

MacKenzie, A.P.: The physico-chemical environment during the freezing and thawing of biological 
materials. In "Water Relations m Foods." Ed.: R.B. Duckworth, Academic Press London 
Pp. 477-503, 1975. 

Rapatz, G., Luyet, B. and MacKenzie, A.: Effect of cooling and rewarming rates on glycerolated 
human erythrocytes. Cryobiology 12:293-308, 1975. ', 

Rasmussen, D.H., Macaulay, M.N. and MacKenzie, A.P.: Supercooling and nucleation of ice in 
single cells. Cryobiology 12:328-339, 1975. 

MacKenzie, A.P., Kuster, T.A. and Luyet, B.J.: Freeze-fixation at high sub-zero temperatures 
Cryobiology 12:427-439, 1975. 

MacKenzie, A.P.: Principles of freeze-drying. Transplantation Proc, No. 2 (Suppl. 1): 181-188 
1976. 

MacKenzie, A.P.: Physico-chemical basis for the freeze-drying process. In: "Developments in 
Biological Standardization", Vol. 36. Ed.. V.J. Cabasso and R.H. Regamey, S. Karger, 
Basel. Pp. 51-67, 1977. 

MacKenzie, A.P.: Comparative studies on the freeze-drymg survival of various bacteria: Gram type, 
suspending medium, and freezing rate. In: "Developments in Biological Standardization", 
Vol. 36. Ed.: V.J. Cabasso and R.H. Regamey, S. Karger, Basel. Pp. 263-277, 1977. 

MacKenzie, A.P.: Solvent exchange and removal - Lyophilization. In: "Proceedings of theNHLBI 
Workshop on Technology for Protein Separation and Improvement of Blood Plasma 
Fractionation." DHEW Publication No. (NIH) 78-1422, pp. 185—201, 1978. 
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MacKenzie, A.P.: Modeling the ultra-rapid freezing of cells and tissues. In: "Microprobe 
Analysis of Biological Systems." Ed.: T.E. Hutchinson and A.P. Somlyo Academic Press 
New York. Pp. 397-42 1 , 1 98 1 . 

MacKenzie, A.P.: Simultaneous DTA and determination of electrical resistance of aqueous 
solutions during freezing and thawing. In: Proceedings of the 1 7th. NATAS Conference. Ed.: 
CM. Earnest. North American Thermal Analysis Society, Rome, GA, pp. 9-14, 1988. 

MacKenzie, A.P.: Freeze-drying of aqueous solutions containing peptides and proteins. In: 
Therapeutic Peptides and Proteins: Formulation, Delivery and Targeting. Eds.: D.R. Marshak 
and D.T. Liu. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, Pp. 17-21, 



D. Nochlin, A. P. MacKenzie, E. M. Bryant, I. H. Norwood, and S. M. Sumi. 1993, A Simple 
Method of Rapid Freezing Adequately Preserves Brain Tissue for Immunocytochemistiy, Light 
and Electron Microscopic Examination. Acta Neuropathologica, 86, fi4^-fi^n 

D. M. Strong and A. P. MacKenzie. 1993. Freeze-Drying of Tissues. In: Musculoskeletal Tissue 
Banking, W. W. Tomford, Editor, Raven Press, New York, Pp. 1 8 1 -208. 

K. R. Morris, S. A. Evans, A. P. MacKenzie, D. Scheule, and N. G. Lordi. 1994. Prediction of 
Lyophile Collapse Temperature by Dielectric Analysis. PDA Journal of Pharmaceutical 
Science & Technology, 48:318-329. 

S. A. Evans, K. R. Morris, A. P. MacKenzie, and N. G. Lordi. 1 995. Dielectric Characterization of 
Thermodynamic First Order Events in Model Frozen Systems Intended for Lyophilization. 
PDA Journal of Pharmaceutical Science & Technology, 49:2-8. 

W.R. Gombotz, S. C. Pankey, L. S. Bouchard, D. H. Phan, and A. P. MacKenzie. 1996.Stability, 
Characterization, Formulation, and Delivery System Development for transforming Growth 
Factor-Beta. In: Formulation, Characterization, and Stability of Protein Drugs, R. Pearhnan 
and Y. J. Wang, Editors, Plenum Press, New York, pp. 219-245. 

The follovidng is a brief, but accurate, synopsis of my relevant experience: 

Dr. MacKenzie began his continuous career in freezing and freeze-drying in 1959. His 
earliest studies centered on the fimdamental aspects of the freezing and freeze-drying processes. 
Later his work focused also on pharmaceutical, microbiological and diagnostic applications. Dr. 
MacKenzie has published more than 50 papers on lyophilization and presented more than 1 00 papers 
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from the platform at national and international meetings. Dr. MacKenzie has developed and 
currently maintains a practical and theoretical interest in the biophysics and hydration of peptides and 
proteins and their freezing and freeze-drying behavior. 

I have read and understood the specification and claims of the subject application, the Office 
Action dated July 19, 2000, and the Office Action dated September 20, 2001; 
and, beuag as duly qualified, do further declare: 



The present invention is based on the discovery that Factor VIII compositions can be 
prepared in a stable dried form by freeze-drying an aqueous solution of Factor VIII using 
trehalose as a stabilising agent in the absence of albumin. 

I have been asked to review an issued United States patent to detemaine its relevance 
to the present invention. Specifically, I have reviev^ed the following reference: 
Livesey et al (U.S. Patent No. 5,364,756) 

I have carefiilly reviewed this reference and, for the reasons discussed below, 
conclude that there is no teaching or suggestion in this reference of the present invention. 

My review of this reference has been done in the context of what was known in the 
art when the present invention was made. My knowledge in this regard is based on many 
years of experience in this field dating back to 1959. In 1991, various Factor VIII 
compositions were known. Factor VIII preparations which were derived from human blood 
necessarily contained albumin. Although there were significant health risks associated with 
administering albumin to a patient, namely the potential risk for viral contaminants to be 
present, the presence of albumin was believed to be necessary iii order to stabilise the Factor 
VIII protein. Recombinant Factor VIII preparations were also being prepared, but again it 
was believed to be necessary to add albumin to the preparations to stabilise the proteins. The 
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presence of albumin was believed to be necessary because Factor Vffl proteins are extremely 
labile, even in the presence of other stabilisers. 

The teachings of the cited reference are entirely consistent with what was generally 
believed in the art at that time — that albumin was necessary to stabilise Factor VIII 
compositions. Although the presence or absence of albumin in a Factor VIII composition 
was clearly not the main focus of this reference, a careful review of this reference reveals 
evidence which supports the proposition that one skilled in the art would not have expected 
to be able to freeze dry Factor VIII in the absence of albumin. 

The Livesey et al. patent describes the cryopreservation of biological materials. The 
method and apparatus described by Livesey et al. can purportedly be used for 
cryopreservation of materials ranging from viruses to cultured mammalian ce)ls. However, it 
is apparent from the disclosure, including the examples, that the primary focus is on the 
preservation of whole ceUs. Red blood cells, plateletes, leukocytes, sperm, pancreatic islets, 
and marrow cells are all listed as specific examples of cells which can be preserved using the 
Livesey et al. procedures. There is very little discussion, and there are no examples, of the 
preservation of proteins. Those skilled in the art know that materials and procedures used to 
preserve whole cells and/or viruses are not necessarily applicable to the stabilisation of 
proteins. Furthermore, Livesey et al. state that the exact ingredients of the suspensions 
which are to be preserved "is not considered to be a component of the invention." Thus, I 
find no disclosure m the Livesey et al patent which is specifically relevant to the selection of 
appropriate stabilising agents for delicate proteins. 

Freeze drying of biological materials is a very complex, and poorly understood, 
process. Livesey et al's. extensive discussion of this process contains much information 
which is not relevant to the current review. However, the critical differences between 
ambient drying and cold temperature drying are expressly acknowledged by Liversey et al It 



H:\DOC\PT0\DEC-MCKENZIE-2.DOCyDNB/Ia 



VIII. 



is clear from the discussion in the Livesey et al. reference that protection of proteins from 
damage due to freezing involves very different mechanisms from protecting proteins from 
damage due to drying. Livesey era/, contrast the role ofcryoprotectants with diy protectants 
stating that "[t]he ciyosolution may also include exposing the biological suspension to one or 
more diy protectant compounds. Dry protectants, by definition, stabilize samples in the dry 
state." Livesey et al. specifically list human serum albumin as a cryoprotectant which has 
been found to be effective in combination with trehalose (a dry protectant). Thus, the 
Livesey et al. reference does not teach that trehalose can be used in the absence of albumin. 

Trehalose is only mentioned by Livesey et al. as one possible ingredient in a drying 
process. There is no reference to preparing a Factor VIII composition in the absence of 
albumin, and it cannot be inferred, given die knowledge at that time, that albumin was not 
required. Thus, the Livesey et al. discussion of stabilising agents is entirely consistent with 
the proposition that Factor VUI cannot be freeze-dried without the use of albumin as a 
stabilising agent. In my opinion, there is nothing in the Livesey et al. specification or claims 
which teaches, or even suggests, to those skilled in the art, that Factor VIII can be freeze- 
dried in the absence of albumin. 
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are 



The undersigned declares further that all statements made herein of his own knowledge 
true, and that all statements made on information and belief are believed to be true; and fiirther. that 
these statements are made with the knowledge that willful false statements, and the like so made, are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the Application or any 
Patent issuing thereon. 



Further declarant sayettuiaught 



Signed: 
Date: 
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^ henibphilia A concentrates * >^ n I P 

Products currently available for use in hem philia A ( SEP 3 0 2002 Sj 

% 

CiToprecipitate. Prepared from single plasma units by cold precipitation and resusoension iXfiii^^K*^ i. 
screened for HIV 1 and 2, anti-HBc, ALT, and anti-HCV, tliere is no viral inacSZnTn foA?^^5iS¥e*' ^""'^e P'asma is 
from your local blood bank. Because of the theoretical risk of H V i^SrS^r^Jf the cryoprec.p.tate normally obtained 
recommended. The New York Blood Center is cuiren irworkJ^i^^^^^^^^ '° f^«^^ '^«"'°P'''«« not 

techniques but this is not currently available ^ techniques to treat cryoprecip.tate usmg solvent-detergent 




HTLV mi, and anti-HCV. Viral inactiWtion steps''^;Lseri;;^inn7e':!:;.X'^r " T™"'" ' 2, ALT. anti-HBc, anti- 
product to product. These inactivation ste7gSeraH;appeart^^^^ ^-^i'l- ^i'^er from 

JsriTdS^^^^^^ 

concentrates Since 1987 and no hepatitis^o^^sTrJ^rr^^^^^^ 

Intermediate purity factor VIII products which are currently available: 

. Factor VIII SD (NY Blood Center; Melville) - Viral inactivation by extraction with TNBP - sodium cholate. 

. Humate-P (Behringwerke) - Pasturized product prepared by heat treatment in solution to 60°C for 10 hours. 

. Profilate OSD (Alpha) - Viral inactivation using TNBP - polysorbate 80. RECEIVED 

. Koate HP (Bayer-Miles) - Viral inactivation using TNBP - polysorbate 80. 0 C T 0 3 2002 

. MelATE (Melville) - Viral inactivation using TNBP - polysorbate 80. TECH CENTER 1600/2900 

human factor VIII. The purified factor Vm nrio^^ by affinity chromatography using mouse monoclonal antibodies to 

as a stabilizer in the fonS^I^n of tSe fectorviR ^ " ''^''"^ ""'^^ '"8- ""'"^ ^'bumin is used 

Monoclonal factor VIII products which are currently available: 

. Monoclate-P (Centeon) - Prepared from commercial source plasma. 

• Xtfss 'vSrsr^cSr "'""'^ "-^ " Which 

• "^'Z^^Tli^'Z^Z^" '^'"^ fo™"!'".' Baxter using 



5'r,"':ra;\™0) ^LwJ^rL^^^ S ™* prepay h,„a™„ia. cell,, sucb as Chi„.» 

*e high Icv^cWr^'irofhlXr^S?^^^^ "° V"" 



http://www.med.unc.edu/wrkunits/3ctrpgm/thromb/comprehe/fviiicon.htni 
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heirtbphilia A concentrates 

Recombinant factor VIII products which are currently available: 
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™ huma. atato as . stabilize,. No vin,, i„a«,va,ip„ s«p is use, i„ JS^^l^SS rPDA S^^ber 



purified 



. Kogenate (Bayer-Miles) - TTie full length cDNA for factor VIII is synthesized in baby hamster kidnev (nuK^ ..iic 

by monoclonal affinity chromatography using a mouse anti-factor Vm antiS^ that Lo^^^^^^ VITI 
and formulated with pastunzed human albumin. No viral inactivation step is us^d in KogeSltnsXT i 

* ?oSr V?r"^ " Recombinate and distributed by Centeon under a licensing agreement on the patent 

* p^ZfT^m!''""''"' '^''^""^^'^ ^ '---g ^eement on the 

Ji^S^f'T' «'"''Scie«r/y?c ^rf.«orK Comm/Vree rA^45^g rcco;«mendy that individuals with hemophilia and their providers should 
consider the use of recombinant derived clotting factor as the first choice for replacement therapy '^^ir providers should 

Click here for more information on product safety an d product r^. c.^\U from the FnoH an d Drug Admini.tr:.ti»n 
Click here to return to the I INC Hemo philia Center Hnma Papp 



http://www.med.unc.edu/wrkunits/3ctrpgrn/thromb/comprehe/fviiicon.htm 
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aotting factors Vm and IX 

Geoije G. Brownite^ and Paol L^. Gimgranrie^ 

[Otdmioil Patkchlf Unit. Sir Wmi^ /Wt 7r;^rrr.f if n t I 



Introdnction 



S£:^tjvT ?^ °f ««««la«on »>d 

aiiects approxnnaiefy 1 m 10,000 maks around the woriA uJmZX^^ * - 

Scva«hamophi]ia is usually de&ed by afevel of <2 Wdl (or <2%) of fee. 
varymg &om 2-5 m/dl and mild fiom 5-2S iu/dL a is nnSS 

joint to be affected tends to be cfae ankle as tbe child leans to c««^ 
b^«Jj^ joinu may cause p^nanenr da«^.,. S^IS^^ 
limb defonoKy and associated mnsde wasting. Bleedina btomi^u .v! 

SjTSdTin'^^' -raperironeal bleeding within the m<.pJL1^ 
^ ^h£S^. cotnpression. Bleeding ftom the 
nn and bteedmg into ±t unnary saa nuqr also occnr. TTie* fa^oariS? 
i^t nsk (rf mnacramal haemonhage in severe haemophilia wU^^ 
Sfr^L"^ °' '""f ^ in the pas: When .«at»ent ^StStt^ l^. 
^I f ^ '^'"ive tnsamentis^tStr 

d>e &a thai the median life expectancy of i^opb^^l^^^tS, 

la aifectcd several memben of the royal ftmilies ofBHra^p^^^^ 



6B 



SCSTAIN2KG PaTHWa Y 
Iliroiii2)ia 



0.a Brovolee «d ?U. GiKpiad^ 
MIUDWG PAIBWA7 



FacsorSt 




Victor EC 



PMorX 



Factory* 



tSwS^ito $»Stror teSS^ 



Apptonmalely 5% of padeots with hacnwnUii. a deveinn ^1^1 ^ 
coattBst very xm (<1%). This is a oott 



Oeaing taoB vm tttd n 



*ere is a genetic predispositioB to the fonnation of aniibodi« hut m * 

a weaker a«oaation between aMbitor ftanaiion aixl tbe^L^ J^H^ 
aon in iniron 22 of the fecior vm gej^ »<l tJ» presence of aiwa. 

aJ^f?^^I?^^"^°^'"'»*J<«^«*eWoaie«eofihcU«£ 

^«^«^.toon afftooig naJe^ dan-h,« Of affect 

occms m the absence of a previous fmiiy Wctr^ itrtfl h ffar m nrm TTrT ^ 

^^^^P^cson(Le^U) «k1 also two dangtaS^ow^SiSjibJw 
ta«wn. howevei; whether they snflfeed from haeinop^ 

?2f 2 8«« fi^ botii parents or to m,eq„al X-inactivatioa in ^SSl 
IJeie axe also reports of haemophflia in females wSTlW^^i^^rS 
^Sr^,"^ «arcge» h^t.(.e«iSi:SS22 

Molecular bans cfhaempphaia A 

Sx'b!^^'^ is "quired for the activation of fee 

of^.^ ^ "^"^^ (HS- 1 ). Factor Vm is a S«^o^ 

«n of 2332 amino aads and is synthesized predommantlv by taaSS^ 
4e It xs processed intraceltalarly in thf^^SSt^^S^ 

heavy Chain aS SSJ 

^^m^i^^"^ (^.l*!"*)- vniis acdvaiedtogiveSSS^ 

f^*' P^Iy by thrombin. toplasaaJS 
^irSlTT^^n ^ «ly«>Prot«rfn comply non^vakmrSdw 

ic^e ai^S 2« «'»'^ ^ » ^ on the long arm r^e X S 

" molecular biology have permitted rapid idatificaion of 
motions m haemophilia A («,d B) padeats by various SiodTra^f 

a<m of mRNA of patient lymphocytes has superseded older mcihodsS^ 
S^««rf^ <fi«cstion aivi Sombern blSnT^o^^^SSS 

S «?e tSSt^."^ "^^'^P^^ «^ sequencing the 

vin gene would be both expensive and labourwimeasive because of its^ 
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(A) 



300 kik 



N 



A2 



A3 



I \ 




CB) 




N 






star 













SBUNSntOlXASt 




commones single geaetk defoa eandag haaaophflia A is «, 
umonte, gene of unknown fancttea. detignaredRA. which lieTiSS^ 
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gene geneaiag a cnincjued mRNA and inactive baoT^mZ^^J^ 
B commowr than witii the proxzmal «mv and aa«nn« - , 

80% of^inve^ons (-i^^S)T^ ^w^S^i^SSS 
michmareconunonmamaletbanaftoaienidoas »^™''*^">« 

^ Moa muaaons are pomr mutant, orvery shon additions cTddrt^ 
S^S^IS!!?"' No««5^ fian«hift and splice-sin, nmteiioS^ 
6y pomt muaaons or shon additions or deletions. osoaUy <W^^ 
other cases are caused by miss^n^^^J^^ 
fflmno acid snbsamtions and 218 missense nmtadons ate^SSySSS 

sD^rt,«l^ J ^ Twtspots" because of 

sp«fic methyhnon of cywsrnc to 5" methykytosine and beonse flw^eft^ 
laed eytosme is particniarfy suscepdble to Son by iS?oJ ^ 

MoUcular bajis of haemophilia B 

Factor Ka is a serine protease required for the activaijon of factor X in A* 
ftctar Ka is itself formed ftom^JTS^.^^^ w 

«h^&cwr Vnajissue faaor con:pl«c. which initiates the cIoiKS. ^ 

byftct,^ XIa. which ,us«ns it CI] (Hg. 1). Factor K is a -Jy^^ouTs 
^- "P "' * ^■'""^ >carbox7'S,2r2£S 

SXS ST"^; ""^ '^'"^ ^-1^ (BGF) domains ^ 

AeGla doaun undergo y^xyJation by a vitamin K-4cpendeiu 

Km the Itv* hepatocyte. Ttas essential post-transladonal mSficadon is^ 
«say for the correct proiem fbldfaig and caldum binding of f^Tl^S 
fector IX gene IS about 34 Kb in length and contains eSt2<2 teteS".^ 
stnoctnre is similar in otsanisaiioD to coagulaiioD feS^^"™^ «^ r 

withhaemophiliaJ^fi^^^X^^^^ 
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gene deletions detected in paiienis viA in ww, 

ting [3]. However, it is QowSS^^"*°^''yS««l«aWoi- 

689 unique mutations are !i«e?ST.2.S *'^'»«»°P'^ B. and over 
fi«™lies Who have been studied '"^r ^'^^ 

defect, involving afl 8 R» exS^A^^: " 
nassense matanons that cause «n^rr^ v " P'***" ^ <fiaferBnt 
orismal case of ChriZL^jnLS^ These incSTS 

«on 7 C12]. Many nnr^l^^^^^^^^^T^ ^ 
Aeie « no taown kinship. Many of4«eS^^-^ 

enr mnation hotspots. However ote^ ^SS^Hns they are IndqMod- 
-toubleis. snggesSg a SW'e^ 1^™°^ noi involve CG 
nucleotide SUllThere t^T^L^ ^ «^ « 

wim complete dinical aco^^^£}^ « associated 

been aU localired to a shon^^" .n^nT*^ 

mutations are now known [(HT^mLK ?f P^"* »d 18 unique 

aent initiation of trans^oTAn^Z^ ' '^"'^ ^i^P^etlfortheeffi- 
^Kproaoterr^SSSSi^^^Sr* elea««ir (ARB) In 4e 
of testosterone, is resDonsIb^ft; a ™*«P«3^ 

ARE do not ««»^tt^u^^3] ^ *° *• 

Treapnait of haemophma 

bovine.^gj„ by MacfSSe^TgsTS'^f «itihae«ophilic fec^of 
although serious ^^Z^^^^^^^T-S^^ 
ubleoyopiecipitate was '^^^m^tZ^ ^'^''^'^^•^'^ 
lyophilized concemmes offi^^vS ^ iJ^ J?***^' davelopoeat of 
the life of haemophilia^ 

R^dctation of HaeSzophilia. « ^ 
fi»aUtaie general soSl^dThyTcTS^t^f ^ » 

achieve fhll po«adal whilst cj^,^^^ «^ 
Aerapy have cenainly^iST a ^^^^ C^-wfLorg). Advance, in 
haemophiliacs in ^^^ZJU^TTl "f^ ^ ^«°8«=^ ^ 
mentcd a calculat^^^^^^^Sl'^ ^ 17 Dutch pati«^. 

With 74 year for nonnal !l*r 'T*'^ ^ ^ 

"ifflai males [15], and the andiois of this smdy conceded 



Qnm'ng faciei^ vm and DC 

Bla^n &ctor concauntts. Tlic loial dose and ftwraency of wSkSSJ 

ujflision. If the bleed B recogmsed eariy and treaied promptly ITBrel?^ 
mcieasing move to prophylactic tfampy. in which tbe^S avJ^K 
nyecdons at home of coagulaion feo^rwo or thJK^^ ^ 

SS^Srr "^"1^°"^ ~ spontaneous bleed, aS^SS^ 
gresavejonn damage and arthritis can be avoided. omnvspm- 
™25f of plasma donations innoduced the dsk of transmission of vial 

Jfa^300w« ex^sed to hepatlds C [16. 17]. Tbt iatrodnction in Ws/S 
a so vat^deteisetii mt«are, el^^ 

ad ,«es Of hepanns A and parvovirus infection have been doctmJS^ 
wnh the» more modem prodacts. Moreiecently. there has b««S^,!Z 
je possiWi^of transmission of prion disori4. although 
N« described m haemophilia [18]. Recombinant pro<S ofl^^^ 
^ <tf stf«y for haeinophHiac patients and have be^ScnmnSS^ 
treatment of choice for aU paoents with haemophilia (see below) 

Developineiit of recombinant DNA methods 

DTOng the late 1970s there WHS a quiet revolmion in molecukr hiotosy Usin, 

mRNA mto enber bactenal plasmids or into bacteriophages such as^S Z 
tio°f ^ b« ^ced using Sanger'/diL^^ 3^ 

OOQ or Maxam A Gabert's chemical degradation pnxednrom^ 

Sf enme genome its respective gene, which conUAain tntn 
be sequenced. Ohgonudeoadej were stanmg to be used as pnmen fcr tito 
enzymatic synthesis of DMA. Hie prese«« of introas in most W^<S! 
covered. Southern had described his blotting tedmique 4« WS?^ « 
w,^y usjd in this Sdd onnl the devel^nTSS^ 

S5 n^*^^, ^ quantities nom specialized cellsVoaT- 

entirely for the^Se. 

medical interest, sud, as human insulin and human growth hoimone^A 
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to done rare. low-abcn^^^^S. tf^i! ^ we might be able 
We decided » doB^SS^Sr'!^ '^^'**^'^ 

w« successful ibe benefits for p^^^ iZlS^^' "^^P"^ 
sidetable. paueats wan iiaemophlia B would be oon- 



Recombinam factor £1 



geae - and this ^ifc wm be d«4^ ^^.^ '^^^ *^ 

active recombinam fector m wS? ^L?^ «P«wioa of hielogically 

K. Moreover the ^^^^ '^"^^ 

"combinaat factor K SlTof^J^ i«»inbiEa« fector Vm before 

which was only mu^St^iS?'^ ^ 

aoninj human fdaor IX gau in (h^rd 

lactoriA (j-ig. 3). This was apartcularly fevomable region 



docuf fietoa vm iDd DC 
first 

Aaj^ His-Met-Ph*^^Ala 
sequence 

™^ 5- GA ADS TO TO GCN 



C C C 

Oligonucleo- 3 • CT^ TAC Aa'^ AC^ cQ 
tidM (N13 G CO 
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Second 70 75 

Amino acid Glu-Cya-Trp-cys-Gln-Ala 



inRMA 



A a 0 A 

OA DG TOG OG CA (5CW 3' 
G C C G 



T A A 
Oligonuclao- 3' CTACACCACGTTCC 5' 
tides (N2A) C G G 

T A A 

OligomiclTO- 3* CT AC AOC AC GnXl CG 5» 
tides (K2B) C G G 

Of amiao-add seqaencc since the number of aiteamiive possible nucleotide 
sequences ptedicted from the genetic code ^ limited to 8. because the 
Mxpience contain* 1 methionine iraidnew^ has t oaiquc codmu This oliio 
Nl maxture of primcw was used to prime 

K-^ched bovine mRNA in order to genenie a L-bmy of cDNA clones. 
Briefly, after synthesis of cDNA by tevtoe transcnpose and suhseqoent 
removal of mRNA by aDuline hydrolysis, loop-bacir synthesis ofdooblc- 
stranded DNA was catalysed by £ caii DNA poiymcrase I (Menow suhfeu- 
mcnt) m &e absence of added primer. Qomng of this double^sinrndedW^ 
was smiplified by restriction digestion of DNA with Mbol (GATC^mtion 
stt^oe) and ligation mto Che unique Bam HI si» of the classic plasmid. 
SSfcSiiS ^Zt"^ in-y of about 7000 rec^ubtoanr cST^S 

Bacterial colonies were dien screened on Whannan 541 paper [243 using a 
«ond mixmre (oUgo N2A pins oligo N2B) of 16 »p.hSdtel n-mTSg 
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G.C. BrevaJee md KLP. OUn^ande 
oUgoDBcleotidis based on tbt predicted sequence of bovine lY mftVA 

2^ig. J). We obtamed a single done, labelled BK-l which w« s™,~rw! 
^eMaxam and Gilben med«xl. TTus done encoded SSe^S^SSfSv^ 
fifom amino adds 52 to 139 ma imrM^^j "^'^ <~»«»e actor DC aRNA 
n^JZT^^ ■ predicted an amino add sequence thai wai in 

con^lete agttement with the Uterainre. except for a single^^lnrZ^? 
«g the amino acid at position 57. TKs dlsSjancy v^in^'^l^f^ 

the ^ of oligooudeotides and our ability to synthesize them in- 
toja were two «i5K«a« fi«on in our 

bovmefeoor K probe was then tised to probe a Chan» 4A bacS 
^^^^^Z^^'^^-''^^'^ byhridizingS^b^ 

?J^^w «»«sp«iding to the probe was thus ideiaifiedoS 

ri^^?^ '^"'^ Ttee was 85% nucleotide sequea«^S^ 

We had thus isolaad a done containing pan of the taaian factorKgST^ 
Fur^ clomjig ^roiicn ofJaaorDC in mmwnalian cells 
i^««farcton«^ Two addinonal reports &m other groups}^ 261 exiendad 

Sf IS^ ^ff r TTieie were, also, in oi»^ 

some 6 differences m the coding nucleotide sequence aitribtited. S 
r^asrt turned out later except for one nudeotute (27], to the^;^ 
g^hi^lnterestmgb;. although the details of W d^ 

in tee^reporis from our own work, all of the studies tod«^ - 
WeT'^ ^ °' ^ «=DNA libraries, 

bv ^StS^^ ° V di^acterizing the complete fector K mRNA seqoesce 
sDuSSnS'^f mdependeatly sequencing an exons in order 

'=°NA doning emws, wMdi are known 
ITZ^ 7"^ «raascription and cloning. We defined the mRN?^ 

SJ^ ^v.^ ««e mined out to be about 34 kb long with 8 exoraThc 
fectorK mRNA was about 2800 nndeotides long and had aitlativdySon? 

MW o^leoodes containing the usual AAUAAA poIyS)^ HaaQTS 

33.5 kb. inclu^airySr 
was established by Davie's group [28]. Mwana, 
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Expression of biologically active factor IX in mommalim cells If cloning the 
factor DC cDNA and gene sequaice woe to be a '^useful" contribation to 
medicmc, then c^wtssioa of recombinant factor DC protein would have to be 
achieved A mqor uncenainry was whether biolo^iccdly acrive factor DC was 
syMfa£si2^ because after synr^ 

modified and comctiy processed In particolar; after Y<arboxylaiion of 12 
glutamyl residues near the N-anninus of factor DC by a vitamin K^depcndoir 
carboxylase, the 18 amino acid residces of che propeptide sequence [29] 
nmst be cleaved by a furin protease. Both these processes are essential for 
factor DC acdivity. It was conceivafaie that these essential post-translational 
events would only occur in liver, the site of fector DC synthesis m the body, 

and would not occur in hepatic or other ceU types derived ftom o±er tissntt 
in tissue cultnre. 

We were fbrtunaie thai the aim of producing biologically active fectorlXin 
mffmmatiaa cells in tissue culture was feasible bot it was only achieved after a 
considerable effon by Don Anson and Ian Jones in die Brownlee labamoty 
We published in 1985, 4at *>e w«e able to isolate smaU amounts of biolog- 
ically active (rccombinam) human fector DT PO]. In particular, hem DC was 
expressed in rat hepatoma cells that had been stably transfected witii a fector 
DC expression plasmid Much Mghcr yields of >90% biologically active fector 
DC were obtained Ixx canine Iddney ceUs (MDCK cells) ^^vz a sUgfatly differ- 
ent e^^TBssion piasmiri [31]. Our results were particulatiy convincing because 
we purified the rccombinam factor DC by inminno- affinity chromatogn^thy. 

Sobscqoently, hi giig yie lds of recombinant fector DC were achieved by 
other groups using diflferent e^nession vectors in different m^mmt^Umr^ ceils, 
Le., baby hamster kidney (BHK), human h^ioma CHepG2) and Chinese ham- 
ster ovary (CHO) cells [32-34]. But in every case die biological activity of 
fectorDC was less than in ourr^ris, Meed in the initial wotjcby Kauftnan's 
group io CHO cells Qn which the factor DC gene was anq)l2fied in the genome) 

ftoor DC was secreted to give as much as 100 ins/inl of factor DC in dw 
urn, yet only 2% was biologicany active [34]. This low biological activity in 
CHO cells was snbsequendy solved by tiie introduction of a furiiKype wo- 
tease (see below), suggesting diat factor DC propeptide processing must have 
been limiting. 

Devehpmenx of recombinant factor IX far clinical use 
The observation diar some, albeit low, biological activity was present in die 
factor DC expressed in CHO cells was important [34], since dus cefl line has 
properties diat are pardculariy suited for large-scale culmrc needed for the 
industrial production of recombinant proteins by die biotechnology industry. 
Therefore, developincnt work was undertaken by Genetics Institute, Boston! 
This presented a significant challenge since it was essential diat propeptide 
processing and TMsttboxylatioa, known to be essential for factor DC activity 
had to occur; Nddier of diese processes had been previously required in CHO 
cells m the production of recomfainflnt proteins for die biotechnology industry. 



G.a BiowBlae tad PiJ? (Xaaffn^ 

sufpccBd thair^arboxylanon was liminn-lntheftoDrlX 
spressuigCTO cells, tta« accouaia. ^ 

nnzmg ±t conceairadon of vitamin K 5iHH^ ^ rhT^Zfl^T^^^* 

l«g^J«alepurificanon protocol was developed 4a did aor 
^ ^ ofmoDocloaal antibodies for afl3mty pniifica^»^™ 

rcartx);cyIation level of about 

S^H?^^ ^ P^)-Aaew result obiaiaSftomSS. 

gA^tow 36 and 40 « not appa«dy needed for activity psj^dS 
Wesbetwe^ieeomtaaant and hunum blood-derived fec^K 



Modificitton 



1. ^raibtxvxhitanuc add CQit)' 

H of 12 G!& re3id;ei 

2. Mydrtuy ll p w ie acid 64 

Aw 157 I 
Am 167 / 
O-IinlBBdsfycaiB 
Ser53 
SerdI 

Thr ?59. 169 ± 172 

4. Tyr 155 $u2phaaon 

5. Sir 158 phosphooHtfOd 



PIaBB»KS«xived 



100% 
0% 
0% 

37% 



Sgb hesrogeacity 
My dilylatcd 

NenAcCalCBcNAcPuc 
QtsaicaL psniaUy fnied 
>90% 
>90% 



60% 
35% 
5% 

46% 



NetiAeGftlCkKAcFac 
CZatsiciJ, partuOy fiZkd 

<IS% 
<I% 
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em in Ac ateat of N- and O-Unked caibohydnuB side chains, and in snlpha- 
oon and phosphoiylaiion levels of pardcnlar nsidues (Tab. 1). Tl» aaemol 
J-hydroxyaspanaie modification « serine 64. however, wss siaite 
Formnaie^. none of the differences in po9t-«nslaiion«I modification seemed 
to affect the biological activity of fecior K. alrhoBgh the difioences in snl- 

pjianon and pho^orjiaiion. ii was suggested, nay ejcplflin the sHghdy lo^ 
«cov«y Con avenge about 20% lower) of recombinant, as compaxed to Wood- 
deaved.faaarIXseeninpaiieats[37]. "t»™wwooo. 

In smnmaiy. lecombinant &ctor DC is already really a "second-genenuion- 
rcMmbinamprodna because it is prepared fton* cdtured ceDs and pwifl^ 
under ronditions where there is no comact wirii toman or bovine piotEtosDTI 
ThM the prodna shonld be fiee of baown bl^^ 

MT/. hqamu A. B or C and parvoviruses. There should also be no risk to 
diseasw caused by prions, sucii as Creutzfeldr- Jakob disease (CJD) or the vm- 
mt CJD, caused by the prion of bovine spongifbnn encephaUlis in «irn* 
Recombinanrfactor K (BenefEX) was approved for sale in Ae USA and 
Canada In 1997 and in Europe in 1998. 

Recombinant factor vni 

When fsctor vm was fiist doned and expressed in coltared cells by two cra^ 
pctfag companies in 1984. this acUevemen was haUed as one of ifae most 
exatmg advances to be reported by the biotechnology indnsuy P9]. However 
in a Naone editoiial in the same week that the fector vm doainz was' 
annomtced. we were poignantly reminded that the first deaths had ocOTi^ 
Austiaha and in the UK &om inV-contaminaad blood Clearly bloodnierfved 
clottmg faaaa were poieniiafly dangerous and would eveninally be sopeised. 
ed by recombmam proteins. Not for the first t£n» was the fear of disease driv- 
ms scieniists and biotechnology conqranies to find ia^roved and safer meS- 
ones. 

Cloning and expression of factor VlIl 

nic factor vm gene and its cDNA were doned by the use of oligonucleotide 
probes based on the amino add sequence of peptides isoland from either 
human or ponane factor Vm. esseatiaDy by similar methods to those 
employed previously to clone factor DC. Due to its low coacentiarions in plas- 
ma. Its high molecular wdgbt and extreme sensitivity to pioteolytic pro^ 
iDg. It was a very difBcult protdn to purify. Tie breakthrough came when 
aimno acid sequence iafonnaiion on peptide ftagments of human or poicane 
factor vm became available [40. 41], 

Surprisinsly, a unique 36-nt Ion£ oligonucleotide, radier dian a mixnre of 
ohgotnidMddes. was successfully used as a probe in one report [40]. and in 
the odjer [41] two sets of mixed oligonudeotidcs. cither 45-nt long or is-m 
long, were used Because of oacertainty as to whether factor VHr was aynthe- 
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sized m ±t Hvcr. both groups initiaUy cloned chc factor Vm geoc by scfeea- 
ing genomic iibraries of clones iu bacteriophage \ with these probes. The gene 
turned out to be 180 kb long with 26 exons and at that time was the longest 
known gene. Human cDNA clones were then subsequently isolared, using 
genouac probes, by screening appfopriate human dDNA libraries. m-Jength 
cDNAs were then used for ejq^ession smdies by introducing oqaessioa plas- 
mids with heterologous viral promoters into BHK [40] or monkey kidney 
(COS-i) cell lines [41]. Human fiictor Vm wag secreted into the medinm of 
these transfected cells and shown to be acave in a dotting assay. Qoning and 
ch aracter izatton of tiffi factor vm gene and its cDNA had been a long 
its expression was initially surprisingly straighrf orwanL 

Developrrwn of recombirumx facxor VlUfor clinical use 
lie subsequent production and purification of recombinant fector Vm from 
culmred manimal i a n cells by the biotechnology industry were quite and 
conmiensurace with the urgency in producing recombinant fector Vm, which 
was ftee of viral comaminatiou for the treatment of haemophilia A patients. 

Initially, howervcr, there was some difl&cuity in the approach doveloped by 
Kaafinan's group at Genetics Institute in obtaining high yields of factor Vm 
secreted by CHO ceUs. Factor VIH cDNA had been introduced into CHO cells 
by linking it id the selectable, amplifiabie marker, dfliydrofolafe reductase 
(DHFR). Protein expression levels were, however, zzroch lower than had been 
observed widi other cDNAs, eg., fector IX. in CHO cells. It emerged that die 
reason for this was that during intraceUular processing of feacrVni in 
a significant proportiOT of the fector Vm became bound to the ch^ctone, 
imnmnoglubulin-binding protein (BiP), through a primary binding she of its 
Al-^omain. Interacdons also oecnned between factor Vm and 2 odier protein 
cfaapcTones, calnexin and calreticulin, primarily mediated by the B-domain of 
factor VUL It was suggested that fsunor VHI has unique requirancnts, not 
shar^ by the related coagulation factor V, for carbohydrate processhig and 
irwiftcular chapcrune interactions thai may limit its secr«ion [42]. In practice 
the' problem of the low yield of secreted feaor Vm was initialiy overcome, ai 
least in part by the addition of von WUIebrand factor (vWF) (die cofector with 
which fector Vm is normally associated as a high-molecular-w^ghr conqdex 
in plasma) to the tissue culmre medium. Thus fector Vm secretttl in die 
absence of vWF appeared to be r^idly degraded. In its presence, however^ 
fector vm associated with vWF to form highrmoleculai^wcight maliimen. 
This st abilized the fector VHI, protecting it from proteolytic degradation and 
irnprovmg fector vm yields si^iificantiy [43]. 

Finally, in order to develop a large-scale process for production of fector 
VOL the vWF cDNA was introduced into the fecw?r Vm^resfiing CHO coDs 
by linking it to a second amplifiabie marlcer, the adenosine deaminaso gene. 
Co-expnsssion of feaor vm and vWF was thereby achieved even in smmr 
&ec medhim (Rg. 4), improving the fector Vm yields by 1-2 wders of mag- 
nimdc [44, 45]. Even so, die yield of fector Vm was still significantly lower 
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By comrast. adiflerrat ceniine was used for factor Vm exDresfil*>„ m a- 

vm contains al»ui So cS^, .^T^'^ pnxtacaon of teor 

incdjum presumably coniam«i some added pro^^ 

afw nTt«f;^oH-^ V 1 »iu pnxmcts (Gciictics Insoratc or Genemcch) 
J.^"^'^^ chromatognphy widi monoclo^^: 
oocues, lon-occhaoije chromarogr^ and other mediods. wen- n-r^Jli 
^^y indisdaguishable liC^ . 
tull-lengtii recomhnant ftctor vm produced by b«h cor^,^^^ 
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regarded as a "first-geoeraiion" product, since the CHO cdls used to produce 
feccor Vm were grown in a tissue culture medium tb« contained protein addi- 
tives. Mopeovcr. the resulcant purified factor VHI was srabili2*wi bv tiwi addi- 
?^J^^f5??l«i*3faxp?*^ inus tnexe lexnams a smau tbeortticai risk^^aoBi- 
ural products from humans or cattle were used in their maaufitetorc, that heai- 
resiatant vinjses, such as B19 parvovirus (earning fifdi disease) or, \mm seri- 
ously, prions, might still be presenL Approval was granted in 1992 tethe sale, 
in die USA, of Rccombinate (manufactored by Geoedcs lostitute/BaxnEi) and 
in 1993 for the sale of Kogenate (mauufectured by Gencatech/Bayet nricflt^i, 
lyMiles/Cuner). ^^^^^u^ 

B-domainless recombinant factor VUI 

A second generation, B-domainless factor vm, recombinant jgacior Vffl SQ 
("Refacto": Pharmacia/Upjohn/Geneiics Instimte), is now (1999) also 
^Jproved [49], Early work, both by recombinant DNA and classic protean 
chemistry methods, had shown that factor Vm with its B domain detoed was 
active in clotting assays [50-52]. Factor Vm SQ was devebped ftom one par- 
ticular construct, which retained the factor Vm processing protease cleavage 
sitEs at amino adds 740 and J649 with only 14 residues of die B domain still 
present. This was almost fully processed when cq^sed m CSLO ccUs, con- 
sistent with its rfttftfntng a furin cleavage site preceding amino acid 1649 [533, 
An advantage of £aaor VIH SQ, in comparison to d^ firsr-genctadon fliD- 
lengdi factor Vm products, is that it is formulated wifliout die addition of 
human albumin- However, human albumin is still added to the tissue cultnre 
medium in which the CHO-expression construct is grown (49], Tims, these 
second-generatiQn products have a reduced theoretical risk of tnuismission of 
human viruses [49]. 



Clinical experience with recombinant factors 

Recombinant products offer the greatest margin of safety for haemophilic 
patients anj^ have been recom m e n ded for the treatment of all patients. 
Howcvcr/tftcy art significantly more expensive and many patients continne to 
receive plasma-derived products, Tn addition to offering an increased mai^ 
of saiety widi regard to viral comaminauoa, recombinant products also offer a 
soludon ro the problem of the bmseoning demand for coagulauon ftctors 
which continues to rise steeply. Thus 62 million "nifc of faaor vnr were used 
in the UK in 1981, but by 1998 consumption had increased to 200 tnilBon 
units. This largely reflects the changing pattern of treatment, with pancms now 
being encouraged u? treat ihemseives at home on a prophyJacdc basis to pre- 
vent joint bleeds. The plasma half-life aud recovery of the various lecomhinant 
factor vm products are idendcal to those observed with conventional plasma- 
derived ppcxlucts and are typically around 14-16 hours. In contrast to many 
plasma-derived products, none of die recombinant products contain vWF, and 
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RecoTHbinaru factor Vila 

^tco^^f^ vna (Novoseven. Novo Notdisk) has proved vey nsefbl 
m fte cUmcal mfflagwnent of panents wnfa dihcr haemophilia A «■ B aad 
mhibitory antibodies, as wdl as those whh acquired haetnophilia. It by-WM« 

reqiMent for other fiioor vma or Ka because ir 
ftS- 1). Conool of bleeding episodes in panenrs Mtfa inhibitory anQ-bodles is a 
major Clascal challenge. Most of the clinical experience reUdng to ose 
l^mbmm factor vna has been 

inals, and this has hindered Ucensing in the United States [54]. Tie nnStois 
CTOemdy aqpasjve and this is likely to hinder widespread use when otber 
^oducsmay be jast as efifective. It is valuable m patients who have high litics 
" ^ o^I«rticular value, however, in the few Ji»ms 
with haemophilia B and inhibitory annlxxlies, as adtnimsiration of eWwriS- 
ma-derivcd or recombinant fector K in these cases can result k serious aaa- 
phylacac reactions [55]. Factor VBa has a plasma half-Kfe of only aptwai- 
m>tet5r two hoars, so that &eqnent bole, ii^eciiaQs are lequlied to iranol 
blading; It IS not licensed for continnous inoavenoua administration No spe- 
aflc advero eflGtcts have been identified. The excsnent safcnr profile, Indud- 
inslack of ^ct^ reactions, has encouraged some clinicians m employ this 
podca for fiist-Ime oeannent of bleeds at borne [56]. In the past.^yskiaBS 
were often reluctant to undertake elecdve «i,g«y ia haeji^iffiacs with 
mMmt^bot snch procedures can now be carried out wid> confidence with 



Conceros about recombinant roagnlation fector concentrates have focused On 
three mam issues: viral safety, incidence of inhibitor developtnent and ptob- 
ems ^ laboratory assays. U is somewhat ironic that several cuneaUy 
licensed preparaaons of recombinant factor VHI actnally contain i consider- 
able quanuty of human, plasma^rived albumin that is added to the prodna 
asa_«abihzer rurthetiuore. most recombinant products are not subjected to 
vmimdal creatmeot. such as he« tteannem. daring manufecmi^ 
Altanaave stabilizers have been developed and clinical aials with ,h«e^ 
ond-gencration recombinant factor Vln products are alr«dy underway 
Recombinaat fector DC does not require the addition of albumin as a s^i- 
et Bovine proteins axe incorporated in growth media used in the manuftctoie 
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Concem has also been expressed thai the use of hi»hlv nnWfl-^ _ 
nught result in a gn«er incidence of inhibiuay SiSdKnKSLf^ 
not posaWe to give a definitive asJaT^i^^^ ^"^"""^Y' « » 

reconibnmt ptodncts and those receiving convSS SaSSXv^^ 

to have developed iahibito.^. antibodies (7SV5%;^. the UK are known 
a baseline of <Z% Wv^iTSSd ^11 ^ ^ 
two difEbrent recombinant mr^r^^^' chmcal odals of 

Inhibitors appeared after a m«n nf o ^^J-ZT^ or arouna 20% [58, 59]. 
more recenT^^^I^:^^ aTcS? Si" A 
inMbilor incidence of 2S%Tp^r,^^ ""l '^""^ « 
contr^r ro an incid«c» of ?<^T^- «=ombmant factor Vm, in 

tecombinant products VS^rd^SlS^LSf^'"" !^ ^i^"" 
56 previously trateJ p,ti«ts fPTPs? ^ 

findings or. imparabirXlSi^rS' "^"^ 

ics against recombinant i^c^^^S, noV^d^TfiS '^1' 
either congenital or acquin=d haetaopSa 
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Thff ability lo assay the activity of faaor vm both in actual coagulacoofic- 
tor concentrates and in the plasma of haemophiliac p«ients after infusion of 
products is vital for clinical care. Vaxioas methods have been developed for the 
assay of factor Vin, indn di tig the one-stage, two-stage and antomated chro- 
mogeaic methods. In general, clinical laboratories tend to prefer die one-stage 
method, ^vhich is both faster and easier to perform, for assay of fector Vm in 
both concanraies and patient plasma. By contrast, the potency of concentrates 
is now a'i ^g ne ri by the chxomogenic method, which is actually based on die 
rwo-stage method Tiadidonally, hmnan plasma is used as die standard for 
assays of plasma factor VIE. When plasma levels of fector Vin are as8^ 
after bftision of recombinant factor vm, recovery is aignificandy poatar 
when using the chromogcnic assay compared to the convendonal one-stage 
assay. Pbronacoldnedc evaluanon also shov^rs a 25% greater AUG (Acea muler 
curve (concCTtrarionxtime) witii die chromogenic m^rthod, bat half-lives ate 
identical on gJcalanons using eidier assay metti^ 

that these differences may be resolved by using recombinam concentrate «\\} fr 
ed in haemophilic plasma as die laboratory standard. Hie recovery of leconiP 
binaiu nctor K in patients is slightly lower (on average by aboot 20%) diaa 
thai ob^rved with standard, plasma-derived products (see above). IWs meana 

that a hi^er dose has CO be given to patients to achieve a defined targK plas* 
ma-lcveL Marked differences in laboratory assay resnte have been observed 
widi "Refacto'^ (B-domainless factor VIID. The poten<7 of dxis prodoct sboald 
be assayed using the chromogenic sobstrace medxod, since convendonal one- 
stage assays usually underesrimate die real potency. 



Smnmary and prospects 

Recombinant factors Vm, DC and VUa are now available foe treatment of 
haem oph i lin A & B panencs in cotmirics where ihis newer form of >otein 
therapy" is affordable. They m safer than plaema-deriYal factors bccroc diey 
cany no, or mininjal, risk of contamination by vinases. Unfbrtnnaiely, at pres- 
ent, they are more expensive. In the future, gene dierapy for laernopMUacs 
may become available, Uns subject has corainly been widely discnased as a 
potennal cure for patients and there is considerable cmrentinterest in diis topic 
[61]. Good progress has been made widi adenoviral and adcno-a«$ociaied viral 
vectors and clinical trials are in progress with adeno-assodaied viral vectors. 
Thus gene dierapy is some way off and may not become available for 
haemophiliacs for some time, 

Adcnowledgm^Ttzx 

^t^nr-^'^J^ EJ. B«wdL Dr. JU. K»ua»n, Ot X. Edw*. Df. M. M3kKl»oa 

ana nor. Jc-uo/. Tttrtfynham for ctmcal commsnCB. 
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TRANSFUSION 

Descrlpti ns. Indications, and Therapeutic Effects 

Factor Concentrates 

Factor VIII Concentrates 
Description 



Factor VIII concentrates are a commercially prepared IvoDhilized nn^iHor 

WilS rn'"'"'" If'""' '° ''''' Patients^ifh hemophi i forC 
Willebrand s disease. Alternatively, recombinant (synthetic) protein is 
purified from genetically engineered non-human cells gSSrttesue 
culture. The quantity of factor VIII coagulant activity is stated oS hohfi. 
One factor VIII concentrate unit equals the clotting aiiv'S fn 1 m of fresh 
plasma Factor VIII concentrate is cell free and is LiSS ed vShout 
regard to patient or donor ABO or Rh ivnp it is heat treaidTnH/^^^^^^ * 

appear to have eliminated the risk of HIV, HBV and HoTtransmission 
Concentrates differ in the purification procedures. Highly puS Srtor VIII 
e.g. preparations purified over a monoclonal antibody column or current 
recombinant factor VIII concentrates, are stabilized by addTng 98% o? 

VIII concentrate is avaNable for 
patients with high titer anti-human factor VIII alio or autoantS 
inhibitors. Factor VIII concentrates are stored refrigerated at 2-8oc for ud to 
two years from the date of manufacture (expiration date wM beTndicated on 
Z^nrlS- P:«P3'-3^'°"s '"ay be kept at room tempe ature fo 
extended periods. Once reconstituted, it should not be refrigerated Factor 

^hi r^T'f K '1*^ '"^^^^ '^'■th'" 4 of preparation to reduce 

Dharmac? tlZ"t ^'"'^ "^"^"^ ^^'PP^''' ° ' hospital 

pharmacy, blood service or nursing unit and mixed there prior to use Manv 
patients or families receive them directly for home care. 



Indication 

imm?n ^l" ^^"centrate is indicated for the treatment of bleeding or 
fT^r^mTr'^^ procedures in patients with hemophilia A (congenital 
factor VIII deficiency) and for patients with low titer factor VIII inhibitors 
Regular prophylactic doses are sometimes used as well as dai^v doses in 
some hemophilic inhibitor patients to t,7 to induce immune tolerance 
Patients with von Willebrand's disease respond to one specific pasteurized 
;Sefy'p?e7e%^^^^ Willebrand^acto'r SlT^ 



Tlierapeutic Effect 

Dosage is dependent on the nature of the injury, the degree of factor 

f^T^.'nr^^ "^^'^^^ °^ ^^"^ Pa««"* the presence and level ofabsence 
of factor VIII inhibitors. The half life of circulating factor Vin is 8 to l? 
hours therefore transfusions may need to be repeated ever/ 12 to 24 hours 
to maintain hemostatic levels. Following surgerv it is necpsT;,n7i-n mlin? 
hemostatic levels for up to two weeks to prSent iellyed b a^^^^^ 
promote wound healing in the hemophilic patient. The Puqet Sound SrooH 
?'"!'«nrt'«°P''"'^ ''^^''^^ a^^'-'^ble fSr consultation at 206 292 6^^ 
weVk'ends " 206-292-6525 (and page) on even ngs of 
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EMORY'S COMPREHENSIVE HEMOPHILIA 
PROGRAM IS A LEADER IN CLINICAL RESEARCH 
AND ADVANCED TREATMENTS FOR ADULTS AND 
CHILDREN 

The comprehensive hemophilia program at Emory University has become a national leader 
m research and treatment programs that are helping improve the lives of the 15 000 
hemophiliacs living in the U.S. Although these patients now can enjoy a normal life span 
they must rely on mfiisions of blood products to treat frequent bleeding episodes dien cope 
with resulting complications, including inhibitors that render the products ineffective and the 
threat of infections and joint diseases caused by internal bleeding. In the past, the cure for 
hemophilia has sometimes been worse than the disease. 

Emory hematologists participate in a number of clinical trials to improve treatments fof 
hemophilia patients, including a recently concluded international study sponsored by Bayer 
to test a new formulation of blood clotting products. The new formula, called Kogenate FS 
IS almost completely free of any human or animal components and should make 
hemophiliacs feel safer than ever about using genetically engineered clotting factors 
Kogenate FS has recently been approved by the Food and Drug Administration. 

Individuals with hemophilia are missing the gene that makes Factor VIII a critical part of 
the blood clotting machinery. Factor VIII is a componem of fibrin, which is the cement the 
body uses to seal a wound after platelets first plug it up, much like the Dutch boy putting his 
finger in the dike while awaiting help. 

In the p^t. Factor VIII products to treat hemophilia patients were made by concentrating 
clotting factor gathered from the plasma of a large group of donors. In the mid 1980s when 
scientists discovered that these blood products could transmit diseases like HIV and hepatitis 
C, they began heating Factor VIII products to kill these viruses. 

In the early 1990s, scientists carried safety one step further with genetically engineered 
recombinant Factor VIII products made by inserting the factor VIII gene into a cell line and 
producmg mass quantities of concentrated human factor VIII. Although these products 
contamed no human or animal products, they were stabilized with a small amount of 
albumm, a human blood component. Kogenate FS ~ the newest FDA-approved product ~ 
uses small amounts of albumin in the initial "fermenting" solution, but in the final stage 
albumin is removed, leaving the product almost completely free of any human or animal 
components. The Factor VIII is then stabilized with sucrose. The product is said to be 
sucrose-formulated and albumin-free in fmal formulation. 

"Our research found that die new product works just as well as the current products and 
appears to offer a greater safety margin against infectious agents," says Thomas Abshire 
for Ae'^hidy^' Emory's hemophilia program and one of the principal investigators 

Emory h^ just completed another randomized study, in collaboration widi Schering Plough 
Inc. and the Amencan Red Cross, in which hemophilia patients with hepatitis C were treated 
either with a combination of interferon and Ribavirin, or with interferon alone, which is the 
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known treatment. Preliminary results presented at the World Federation of Hemophilia in 
July determined that the combination therapy is better than interferon alone. 

Emory also is a world leader in treating joint disease in hemophiliacs - a common problem 
caused by bleedmg mto jomts, which causes irritation in the lining of the joint cavi^ and 
creates a cycle of bleeding and inflammation. Surgeons and hematologists have collaborated 
on a study of arthroscopic synovectomy, in which a small endoscope is inserted into the 
ankle, elbow, or knee to clean out the thickened lining. When surgery is not an option 
physicians use an alternative technique called radionuclide synovectomy to inject a ' 
radioisotope into the joint that eliminates the abnormal lining. Drs. Michael Busch and Amy 
Dunn coordinate this program. ^ 

Emory's comprehensive adult and pediatric hemophilia program includes hematologists 
infectious disease specialists, hepatologists, orthopaedic surgeons, physical therapists aild 
specialty nurses The program receives some federal funding through the Maternal and Child 
Health Bureau (MCHB) and the Centers for Disease Control and Prevention (CDC) Two 
adult and two pediatric hematologists treat 350 patients, including 140 children The staff 
also works closely with a program at Children's Healthcare of Atlanta at Scottish Rite which 
treats 150 additional children. Dr. Abshire also is Medical Director for MCHB Region IV 
Soutii hemophilia programs that include Alabama, Mississippi, Georgia and Florida. 

Although the number of hemophilia patients is small relative to many other diseases it 
commands a great deal of attention because it is so expensive to treat. Clotting factor for a 
mildjomt bleed in a typical 7-year-old child, even at reduced rates, averages $600 per 
infusion, with some patients needing several infusions per week. "There is a motivation to 
produce a better product and one you can use less of, which may come with the eventual 
development of gene therapy for Factor VIII," says Dr. Abshire. 

Other current clinical trials at Emory aimed at treating bleeding disorders and their ' 
complications include: (1) a study of children who experience clotting problems from 
permanent IVs; (2) a CDC-sponsored study designed to identify and treat women with 
undiagnosed bleeding disorders who are experiencing abnormal bleeding with menstrual 
periods (hematologist Sidney Stein, M.D., leads the Emory component of this multi-site 
study); (3) multiple cimical trials designed to evaluate the safety and efficacy of new 
products used to treat bleeding episodes; (4) multiple AIDS Clinical Trials Group (ACTG) 
studies for our patients that contracted HIV infection from blood products prior to the 
development of safer products. 

The Emory hemophilia treatment center also participates in studies designed to identify the 
safest and most cost effective methods for preventing the complications of congenital 
bleeding disorders, including the CDC-sponsored Universal Data Collection System and the 
National Hemophilia Foundation's National Prevention and Awareness Campaign. 

Exciting research advances are on the horizon to deal with the problems faced by the 20 
percent of hemophilia patients who have antibodies diat inhibit the effectiveness of 
substitute Factor VIII products. Emory hematologist J.S. "Pete" Lollar, M.D., is conducting 
groundbreaking research in the laboratory that includes gene therapy and an improved Factor 
Vlll molecule constructed from a combination of human and pig Factor VIII genes 
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Wyeth/Genetics Institute has announced that their second- 
generation recombinant factor VIII product, ReFacto will be 
available in the United States beginning on January 29, 2001 
ReFacto is the first recombinant factor VIII product formulated 
without human serum albumin in its final formulation. 

ReFacto is indicated for the control and prevention of 
hemorrhagic episodes and for surgical prophylaxis in patients 
with hemophilia A. ReFacto is also indicated for short-term 
routine prophylaxis to reduce the frequency of spontaneous 
bleeding episodes. 

Wyeth/Genetics Institute claims that dosing for ReFacto will 
be exactly the same as the other second-generation 
recombinant factor VIII products currently on the market. 
Further, Wyeth/Genetics Institute has announced that 2000 
I.U. sizes for both ReFacto and their recombinant factor IX, 
BeneFix, will be available. 
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Due to limited supply of ReFacto however. Wyeth/Genetics 
Institute will be placing limits on individual customer size 
orders. Wyeth/Genetics Institute has devised an allocation 
method whereas the 18 largest homecare companies and the 
hemophilia treatment centers will be allocated product based 
on the percentage of hemophilia A patients they see. For 
example, if ABC Homecare has a hemophilia A base of 10% 
of the overall hemophilia A population, they would be 
allocated 10% of Wyeth/Genetic Institute's inventory of 
ReFacto. ^ 

Increased production for ReFacto is expected sometime next 
year as Wyeth/Genetics Institute is working towards 
completion of a refurbished manufacturing plant in St. Louis 
Missoun. Currently, product is being imported from a 
manufacturing facility in Stockholm. Sweden. The St Louis 
facility is forecast for completion in early 2002. 

The list price for ReFacto will be $1 .09. However, 
Wyeth/Genetics Institute is going to offer a bulk contract price 
of $0.84. The list price for other second-generation 
recombinant factor VIII products are similar (Kogenate FS - 
$1.13; HelixateFS-$1.11). 

The Average Wholesale Price (AWP) of ReFacto is expected 
to be the similar to other second-generation recombinant 
factor Vlirs as well. Wyeth/Genetics Institute expects the 



http://vvww.hemophilia.org/news/medicalnews/mn 01 10 Ol.htm 



06/03/2002 



NHF.I REFACTO (rFVIII) to Become Available 



AWP of ReFacto to be the list price ($1 .09) multiplied by 
25%. It this is the case, ReFacto's AWP would be $1 .36 
whereas Kogenate FS would be $1.41 and Helixate FS 
$1.38. 



Wyeth/Genetics Institute Is also working on a third-generation 
recombinant factor Vlli named ReFacto AF (Albumin Free). 
The St Louis manufacturing fadlity has been selected to 
product R Facto AF. once the FDA approves that product 
Wyeth/Genetics Institute has yet to decide if they will phase 
out ReFacto once ReFacto AF has been approved. In similar 
situations. Bayer chose to phase out their first generation 
recombinant product, Kogenate, once their second- 
generation product. Kogenate FS was licensed. However. 
Baxter Hyland Immune has decided to keep their first 
generation recombinant product Recombinate on the market, 
even after their third-generation recombinant product is 
licensed. 

VVyeth/Genetics Institute currently manufactures and 
distributes ReFacto in Europe. Moreover, they are currently 
the only manufacturers of a recombinant factor IX product 
BeneFix. 



Disclaimer 

The information contained on the NHF web site is provided for your general 
information only. NHF does not give medical advice or engage in the practice of 
medicine. NHF under no circumstances recommends particular treatment for 
specific individuals and in all cases recommends that you consult your 
physician or local treatment center before pursuing any course of treatment 
All information and content on this web site are protected by copyright All 
nghts are reserved. Users are prohibited from modifying, copying, distributing 
transmitting, displaying, publishing, selling, licensing, creating derivative works 
or using any information available on or through the site for commercial or 
public purposes. 
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ABSTRACT 



Recombinant Factor Vm can be produced in relatively large 
quantities on a continuous basis from mammalian cells in 
the absence of any animal^erived proteins such as albumin 
by culturing the ceUs in a protein free medium supplemented 
with polyol copolymers, preferably in the presence of trace 
metals such as copper. In very preferred embodiments, the 
medium includes a polyglycol known as Plutonic F-68, 
copper sulfate, ferrous sulfate/EDTA complex, and salts of 
trace raeUls such as manganese, molybdenum, silicon, 
lithium and chromium. With an alternative medium which 
included trace copper ions alone (without polyol 
copolymers) we were also able to enhance the productivity 
of Factor VIII in recombinant cells such as BHK cells thai 
are genetically engineered to express Factor VIII. 

11 Claims, No Drawings 
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r.. PREPARATION OF RECOMBINANT " derived plasma proteins comprises culturine the mammalian 

FACTOR VIII IN A PROTEIN FREE MEDIUM host cells in a protein-free medLm Smem^^S^ 

• . ... , Polyol polymer such as Pluronic F-68 and copper ions. The 

KT n^.o'! °^ P"°'' Wlication Sen preferred medium includes copper sulfate, a ferrous sulfate/ 

D,5U4,^zu- manganese, molybdenum, silicon, lithium, and chromium 

BACKGROUND OF TRF TMVFismnM Alternatively we have also found that addition of copper 

yALKOROUND OF THE INVENTION ,oos alone (without polyol polymers) in the protein free 

1. Field medium may be used to enhance productivity of rFVIII in 

This disclosure is concerned generaUy with the manufac- ^° ^«'°^*'inaot mammaUan host cells, as described below 

ture of recombinanl Factor VIII and specifically with the Additional Studies. 

p^et f^ mfd m a serum or DETAILED DESCRIFHON OF THE 

1 Prior Art INVENTION 

Hemophilia A is an X-Hnked recessive genetic disorder f advances in recombinant protein expression tech- 

that is due to a defective or deficient Factor VIII molecule °ology ^^^ve made possible the production of protein in large 

resulting in a hemorrhagic tendency. To control bleedine '° mammalian cells. Host cells suitable for Factor 

episodes, hemophiUacs are treated with Factor Vin. Histori- u i ^'^^VfiJ?" ""^^ ^ ^^^y 

caily Factor Vin has been isolated from human blood 20 ^ ^ ? ' ^""^ (^"*^) 

plasma. However, therapy with plasma-derived Factor VIII . embryonic kidney (HEK) cells. Particularly 

has been associated with transmission of several human P^^erred are baby hamster kidney cells, specifically those 

viruses, such as hepatitis and human immunodeficiency fl t^^"^ ""^^^^^^ °^ direaing the expression 

viruses. uuucucicncy ^^^^^^ yjjj described in Wood et al. (1984) (including 

With the advent of recombinant DNA technology the 25 Sucrat'l^infh^.'h'^^^'f ""^fT ^^/^ f ^ °y ^h^^«>0- 

structure of human Factor VIII and its gene h^ been "^^ 

elucidated. 'Hie transcription product of the'^^n^ whicti^ n^utb^r ^c'rCR^i^^^^^^ 

derived from 26 exons, is a messenger RNA molecule of tu a - a u ., ,■ ' 

-9000 bases in length, coding for a large protein of ^351 , desired host cell hne carrying the Factor VIII gene is 

amino acids. Structural studies of Factor Vni indicate that it ^yP^'^^'X adapted to grow as suspension cultures in a 

is a glycoprotein conuining a significant number of carbo- P'^^e^'-free production medium which is supplemented with 

hydrate residues. Upoprotem. The basal medium chosen for cuhuring the host 

— r^fS^pS^^^^^^ ^f-^ H-'ial Mediuran?RmMa5 

D.^ . c ^rr,, ■ Medium, and the like, are commerciaUy available. The 

.en^Hv en^- J ^nirremly manufactured by addition of growth factors such as recombinant insulin is 

geneticaUy engineered mammahan cells, thus obviating the conventional in the ait 

"arm'L^ron'""' '^"'= '° '^""^ ^111. the productivity of 

r .. . ^ , *e engineered host cells is severely reduced under protein- 

deHvTh, ,7 H ?" '^m'^'" °^ '° ^""^ "'"'l'"""*- «=nim albumin is commonly used as 

dLrivc high production cell hncs for therapeutic proteins. a serum-free culture supplement for the production of 

SbZaS?„^'''^K"'r'''!.*' ""^"^ ' « "^"■"''inan. proteins. Hum'an serum albumin' serves many 

sc ipuonal umt encoding the desired protem to an amplifl- fiinctions including: (1) as a carrier for fatty acids, chol^ 

ectr« U^^h ^•'■'f Transfection terol and lipophilic vitamins, steroid hormones ^ S 

l^T^ . ^ ,1 '^^^f '° "^"^ '° (2) as a protecuve agent against damages due io 

rcciptent celLs Cell populations arc selected for increased shear forces; (3) as a buffer for pH changes; and (4) as an 
S^Ln. of rLh. ° ■"'thotrexate. Tie 50 osmotic pressure regulator. Another criticll role of albumin 

eslabhshment of a stable cell clone ,s accomplished by is perhaps to protect labile proteins such as Factor VID from 

imamg dilution cloning. These cell clones are then adapted proteolysis by serving as a substrate for proteases 

to a serum-tree production medium and monitored fnr tu^ • • . 

production of the desired protein Thc impunt.es present in albumm preparations may also 

UK-, . - Pr^^in- contribute to the stabilizmg effect of albumin. Factors such 
For labile proteins such as Factor VIII, human albumin 55 as lipoprotein (Chan, 1996) have been identified as a 

has been added as a slabihzer during the preparation and replacement for human scrum albumin for the production of 

purification procedures. Although the albumin is subjected recombinant Factor VIII under serum-free conditions 

havelt found i^^'^ll K ' "f" ,^™'f' "^^l P««e in-free media for rec^mbtant FacSr 

liZrtatir^^.Ki^"^'"^""^''""™''^^ VinproductJn.Theprefeiredm^^^^^ 

Dulbccco s Minimum Essential Medium and Ham's F-12 

SUMMARY OF INVENTION Medium (50:50. by weight) supplemented with recombinanl 

Tu .u I r insulin (Nucellin, Eli LUiy) at 10 ug^'ml, and FeSO^^EDTA 

hrl^ n,?'n^t f '^u-^"^^ ^'^^'^^^^ "^^^^'^^^^ ^'^^)- ^^^^^ ^« ^^^-^P^^^" of Factor VIII production 

Z^^ZTV 'T' X"* ^'^^"'^ ^"Sineered BHK cells grow well in this protein^-^ baLi 

mammalian ccILs in the absence of any human or animal- medium. 
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productivity of the BHK cells for Factor VIII. transmission. 
Screndipitously, the addition of copper sulfate further 

enhances the production of Factor VIII. Also the inclusion of 5 EXAMPLE 1 

a panel of trace metals such as manganese, molybdenum u k u . .. ^ 

siHcon, lithium, and chromium lead to further increases in ^^^^^^ (BHK-21) cells iransfccied with a 

Factor VIII producUon. A continuous process was then ^^P^*^*^ °f ^^^^^^S expression of Factor VID were 

developed for Factor VIU production under human plasma- J'*'^^'^^ Genentech, Inc., South San Francisco, Calif., 

derived protein-free condiuons. Further information regard- lo * ^^^^ prepared as described in detail in 

mg the use of Pluronic polyols can be found in Papoutsakis ^^^^ deposited with the American 

(1991) and Schmolka (1977). Type Culture Collection and given accession number ATCC 

Pluronic F-68, a polyglycol, (BASF, Wyandot) is com- ^^^^-8544. A clonal variant of this ceU line was also 

monly used to prevent foaming that occurs in stirred o^^^^^ from Genentech, Inc., and used in all examples. 

d~ * ^T^^l "^^^ '^'"^ ^'"^^l^ cells containing the gene encoding Factor 

SKff^^^^^^^ :^:^t-r^ cuLesrh^s 

consisting of a center block of So^oxypropylene) (2^^^ Hanf's F H' ^'^^^^^^^^ the following: 

weight) and blocks of poly(oxycthylene) ^bot^^^ m .In cn u'""" D^lbecco's Minimal Essential 

Extensive research on the'^^le of Pluron c F-68 lic^Js 20 f fnT^^^n 'c^ ^"""^ (recombinant insulin, 

that Pluronic F-68 acts as a surfactant and prevents daTage ^^S/ml), FeSO,-EDTA (50 ;^). and MgCl, (15 mM). 

to ceils by allowing the drainage of cells away from bubbles "^^^ mamtamed and passaged at 48 hour intervals, 

formed in the bioreactors during stirring or spargine ^^^^ for 5 minutes, counted and 

However, several investigators have noticed beneficial ^'^^j^^^ a density of 1x10*' cells per ml. Each flask 
effects of Pluronic F-68 on growth under culture conditions 25 ^ontams 50-100 ml of fresh medium. The shake flasks were 

in which shear is minimal (Mizrahi, 1975; Murhammer and P*^'^^ °° ^ rotator, incubated at 37* C, and maintained as 

Goochec. 1990). Co-purification of lipids with Pluronic ^^P«°sion culnire by swirling gently between 90-110 r.p.m. 

F-68 during product purification provides anecdotal evi- ^^^^t of a polyol such as Pluronic F-68 (0,1%), shown 

dence that the Pluronic polymer may substitute for albumin ^'e^ow. and copper sulfate (50 nM) op Factor VIII 
not only as a surfactant, but may also act as a carrier for 30 production was examined in shake flasks. Factor VIII was 

hpids. Pluronic F-68 may also prevent membrane damage quanUtatcd by a chromogenic assay. The assay is sold 

from killing ceUs before repair can be effected, possibly by commercially as a test kit known as Cbatest VIII-C/4 and is 

direct mtercalation mto the membrane. Tlie role of Pluronic available from Baxter HeaithCare Products The cells were 

b-68 m acting as a metal ions buffer is completely unknown. maintained by this procedure for 24 days. The Factor VIII 

Although there are reports that Pluronic F-68 in media can activity in each medium, as determined with the Coaiest 

mcrease volumetric productivity, the mechanism of action VIII:C/4 kit, is shown in Table 1. 
appears to be mamtenance of cell viability (Schneider, 1989; 

Qi, 1996). To our knowledge, this is the first time that TABLE 1 

Pluronic F-68 has been seen to increase specific production ' " • 

of a particular protein product. Since viabilities and growth ^ Specific 

rates are comparable in our system with and without Plu- r„„d;,;nn. ... .^ Productivity % Increase 

roDic F-68, maintenance of cell viability cannot be the T.tcr(u/ml) (.u/cciuday) over basal 

mechanism of action of Pluronic F-68 in our system Basal Medium 0.15±0.07- 0.026 * 0013 00000 

However, the effect of Pluronic F-68 addition is immediate 1 1'^ g }^] " 'it * ° ?f ^ . 0.013 2(X) 

and dramatic, whatever the mechanism. « „M") ^ ^ * ° * 

It is anticipated that a range of other polyols would have 

sunilar effects. Such other polyols include nonionic block c'^^^mr?^ """^^^ * "'^"'^"'^ deviaUons. ihc ceiu were monitored for 

copolymers of poly(oxycthyIenc) and poly(oxypropylene) ''^^^^^n S^^^^^^ 

having molecular weights ranging from about 1000 to about ^^^^^^ ^ conccmrauoa to 0.3% had no significant impact on 

16.000. 50 Factor VIII production. Dose-response expcrimena revealed that 50-«00 

r« . , sulfate is optimal for Factor Vin oroduction 

In addiuon to conventional suspension culturing tech- producuon. 

with perfusion and ba.ch bioreactors FoUow ne oim.,^ preferably, m combination with copper sulfate signifi- 

the host ceUs, the Factor VIII may^ reS fromThf " ' P^«'"'^"-i'y °f BHK 

spent tnedium by standard methodWrs^ch "Xaj! r^tin'^'rZittns''" """"^ """" 

tralion or cenlrifugation. If desired, the recovered Factor ^ conditions. 
VIII may be purified by, for example, ion exchange or size 

exclusion chromatography, immuno-aflSnity or metal chelate «, EXAMPLE 2 

chromatography, and the like. t a v • . 
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TABLE 2 



Conditions 



Titer (U/ml) 



Specific 
Productivity 
Wccll/day) 



^6 Increase over 
basal + F-68 



Basal + F-68 
Basal + F-6« + 
Cu 

Basal + F-68 + 
Cu + metals* 



0.46 ± 0.13 
0.53 ± 0.15 



0.73 tO.16 



0.065 X 0.013 
0.078 ± 0.026 

0.104 « 0.026 



0.0000 
120 



copper IS provided in the form of copper sulfate at a 
concentration ranging from about 50 to 800 nM in the 
culture medium and. very preferably includes the trace ions 
mcluded in the above examples where polyols were used. 

TABLE 4 

Effect of Cu*^ on the production of FVni 
in BHK cells under protein-free conditions. 



•Metal, include CuSO,5H,0 (50 nM). MnSO, (3 nM), Na^iO,.9H20 
Ua'c^i [^H.lsM°70„.4H20 (3 nM), CrK<S0J,.4H,0 (1.5 nM), and 



EXAMPLE 3 

The effect of trace metals and copper on factor VIII 
production was further evaluated in a perfusion fermcnter. 
Two IJ-liter fermenters were seeded with the BHK clonal 
variant at a density of 2x10* cells/ml using the basal medium 20 
de^ribed m Tabic I, The fermenter was perfused at a rate of 
0.5 hter/day. One fermenter was kept as a control and the 
other fermenter was supplemented with copper and trace 
metals as described in Table 2. The fermenters were main- 
tained for 15 days with an average cell density of -2-3x10* 25 
cells/ml. As shown in Table 3, the addition of Pluronic F-68 
copper, and trace metals significantly enhanced the specific 
producuvity of BHK cells harboring the gene encoding 
factor VIII under protein-free conditions under continuous 
perfusion conditions. This production method can be easily 30 
adapted to larger fermenters (200 to 500 liter) equipped with 
cell retention devices such as settlers. 



Conditions 



Specific 
Productivity % Increase 
Titer (U/ml) (fiU/cell/day) over basal 



Basal Medium 
Basal + 
Cu*2 (50 qM) 
Basal + F-6S 
Basal + F-6S + 
Cu*2 (50 nM) 



0.14 
0.33 



0.30 
0.54 



0.035 
0.082 



0.078 
0.128 



0.0000 
234 



220 
365 



TABLE 5 



Effect of various concentrations of Cu on the production 
of rFVrn in BHK cells under protein-free cnnHfrfn^ 



Concentrations of Cu 
(nM) 



Specific Productivity 



Basal Medium 


0.040 


20 


0.062. 


50 


0.078 


100 


O.OSV 


200 


0.082 


400 


0.080 


800 


0.081 



TABLE 3 



Specific P roductivitY f^U/celi/dav'i 



Days 



Basal .Medium 



Qj + metals 



1 


0.02 


0.04 


2 


0.02 


0,05 


3 


0.02 


0.045 


4 


0.0J8 


0.05 


5 


0.02 


0.05 


6 


0.035 


0.060 


7 


0.025 


0.055 


S 


0.02- 


0.04 


9 


0.025 


0.06 


10 


0.02 


0.065 


11 


0-025 


0.070 


12 


0.025 


0.065 


13 


0.02 


0.060 


14 


0.03 


0.06 


15 


0.02 


0.05 



Additional Studies 

The demonstrated that the expression of Factor VIII in 
recombmant BHK cells under protein-fi-ec conditions is 
sigmficantiy enhanced when cells were cultivated in the 
presence of polyol and copper sulfate. Factor VIII has been 
shown to contain a single copper atom, but the role of this 
meul in the slmcturc and function of Factor Vni remains 
unclear. Recent reports show that Factor VIII subunils bind 
copper ions and suggest a functional role for copper in the 
assembly of the heavy and hght chains of Factor VIII 
(Tagliavacca ct al. 1, 1997; Sudhakar ct al, 1998). We now 
further demonstrate that controlled amounts of copper ions 
alone (without polyols) are able to enhance the productivity 
of Factor VIII in recombinant BHK cells. Preferably, the 



The above examples are provided as a means of iUustrat- 
35 mg the present invention and are not to be construed as 
limiting the invention, which is solely defined by the claims. 
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(1996) 

Mizrahi, A, J. Clin, Microbiol, 11-13 (1975) 
Murhammer, D. W., el al. Bioiechnol. Prog. 6* 142-148 
(1990) ^ • 
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Xu. D., et al,, China J. Biotech. 11: 101-107 (1995) 
55 Zhang, J., et al. Biotechnol. 33: 249-258 (1994) 
We claim: 

1. A method for production of recombinant Factor VIII 
from mammalian host cells carrying the cDNA coding for 
Factor VIII, comprising 

(a) culturing said mammalian host cells in a medium free 
of plasma-derived protein and polyol supplements, said 
medium being supplemented with copper ions; and 

(b) culturing for a time and under conditions effective to 
produce the factor VIII. 

2. The method of claim 1 wherein the medium includes 
copper sulfate in an amount ranging from about 50 to about 
800 nM. 



50 



60 



65 



us 6,171,825 Bl 



3. The method of claim 2 wherein manganese ions are 
present in an amount ranging from about to about 4S 
oM. 

4. The method of claim 2 wherein ions containing molyb- 
denum are present in an amount ranging from about 15 to 5 
about 4,5 nM. 

5. The method of claim 2 wherein ions containing silicon 
are present in an amount ranging from 75 to about 300 nM. 

6. The method of claim 2 wherein chromium ions are 
present in an amount ranging from about 1.0 to about 4.0 lo 
nM. 

7. The method of claim 2 wherein lithium ions are present 
in an amount ranging from about 120 to about 4S0 nM. 

8. The method of claim 1 wherein said mammalian host 
cell is selected from the group consisting of baby hamster 



8 



kidney cells, human embryonic kidney cells, and Chinese 
hamster ovary cells. 

9. A cell culture medium for the production of recombi- 
nant Factor VIII comprising a basal medium free of plasma- 
derived protein and including copper ions and insulin and 
which does not include polyols. 

10. The medium of claim 9 wherein the copper ions are 
present in an amount ranging from about 50 to about 800 
nM. 

U. The medium of claim 10 including at least one trace 
metal selected from the group consisting of manganese, 
molybdenum, silicon, chromium and lithium. 
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COMPOSITION COMPRISING COAGULATION FACTOR Vm 
5 FORMULATION, PROCESS FOR ITS PREPARATION AND USE OF A 

SURFACTANT AS STABILIZER . 

The present invention relates to a novel formulation comprising coagulation 
factor vm and a non-ionic surfactant such as block co-polymers, e.g. 
10 polyoxamers or polyoxyethylene (20) sorbitan fatty add esters e.g. 
pdysorbate 20 or polysorbate 80. The composition can also comprise sodium 
chloride, caldum chloride, L-histidine and/or sugars and/or sugar alcohols. 

Haemophilia is an inherited disease which has been known for centuries but 
15 it is only within the last three decades that it has been possible to 
differentiate between the various forms; haemophilia A, haemophilia B and 
haemophilia C. Haemophilia A is the most frequent form. It affects only 
males witii an inddence of one or two individuals per 10 000 live-bom 
males. The disease is catised by strongly decreased level or absence of 

20 biologically active coagulation factor Vin (antihaemophilic factor) which is a 
protein normally present in plasma. The dinical manifestation of 
haemophilia A is a strong bleeding tendency and before treatment with 
factor vm concentrates was introduced, the mean age of tixose patiertts was 
less than 20 years. Concentrates of factor Vm obtained from plasma have 

25 been available for about tiu-ee decades. This has improved the situation for 
treatm^ent of haemophilia patieits considerably and given them possibility 
to live a normal life. 

Therapeutic factor Vm concentrates have imtil now been prepared by 
30 fractionation of plasma. However> there are now methods available for 
production of factor vm in cell culture using recombinant DNA techniques 
as reported in e.g. J Gitschier et al. Nature 312, 330-37 984 and HP 160 457. 

Factor Vm concentrates derived from human plasma contain several 
fragmented fully active factor vm forms (Andersson et al, Proc. Natl. Acad. 
Sd. USA, Vol 83,2979-83, May 1986). The smallest active form has a 
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molecular mass of 170 kDa and consists of two chains of 90 kDa and 80 kDa 
held together by a metal ion bridge. Reference is here made to EP 197 901. 
Kabi Pharmacia has developed a recombinant factor Vin product which 
coxresponds to the 170 kDa plasma factor VIE form in therapeutic factor Vin 
5 concentrates* The tnmcated recombinant factor VIII molecule is termed r- 
Vin SQ and is produced by Chinese Hamster Ovary (CHO) cells in a cell 
culture process in sertmi free medium at finite passage. 

The specific activity of r-Vm SQ could be more than 12 000 lU/mg protein 
10 and preferably more than 14 000 lU/ mg. Activity of about 15 000 lU/mg 
has been measured. About 10 000 lU VntC per mg protein has earlier been 
known for our r-Vm SQ. 

Recombinant factor VHI SQ is indicated for treatment of classical 
15 haemophilia. The dosage is similar to the dosage of the plasma factor vm 
concentrates. Due to the high concentration now obtainable only small 
volumes are needed for injection. 

The structure and biochemistry of recombinant factor Vm-products in 
20 general have been described by Kaufman Tibtech, Vol 9,1991 and 
Hematology, 63, 155-65, 1991. The structure and biochemistry of r-Vm SQ 
have been described in WO 91 /0912Z 

The stability of proteins is generally a problem in pharmaceutical industry. 
It has often been solved by drying of the protein in different drying 
proce5fees, such as freeze drying. The protein has thereafter been distributed 
and stored in dried form. 

The solution before drying or freeze-drying, the dried material and the 
reconstituted product should all be stable, so that not too much activity is 
lost during the drying process, the storage or during handling. 

Factor Vm which has been fractionated from plasma is normally sold as 
lyophilized powder which should be reconstituted with water. 

A formulation with a low amount of protein will generally loose activity 
during purification, sterile manufacturing, in the package and during the 
administration. This problem is usually solved by the addition of human 



25 



30 
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albmnin which reduces the activity loss of the active protein considerably. 
Human albumin functions as a general stabilizer during purification, sterile 
manufacturing and freeze-drying (see review by Wang et al., J. of Parenteral 
ScL and Tech. Vol 42, Nimiber 2S, supplement. 1988). Himian albumin is 
5 also a good cake-former in a formulation for freeze-drying. The use of 
albumin for stabilization of factor Vin is known and is currently us^d in all 
highly purified factor VHI products on the market. 

However, it is not desirable to add human albumin to a therapeutic protein 
manufactured by recombinant DNA technology. In addition, the use of 
10 human albimiin as a formulation exdpient often limits the use of many of 
the most powerful and sensitive analytical methods for protein 
diaracterization. 



15 There is a need for albumin free formulations containing factor VIII and 
esp>ecially recombinant factor Vin which are stable during drying or freeze- 
drying, in solution and as a solution after reconstitution. 

Several solutions have been proposed for the stabilization of different 

20 proteins: 

* 

EP 35 204 (Cutter) discloses a method for imparting thermal stability to a 
protein composition in the presence of a polyol. 

25 BP 381 345 (Corint) discloses an aqeous liquid of a peptide, desmopressin, in 
the presence of carboxymethylcellulose. 

In WO 89/09614 (Genentech), a stabilized formulation of human growth 
hormone comprising glycine, mannitol and a butfer is disclosed and in a 
30 preferred embodiment a non*ionic surfactant such as polysbrbate 80 is 
added. The non-ionic siu-factant is added * : • reduced aggregation and 
denaturation. The form: -.Ttion has an inc: ;^ stability in a lyophilized 
formulation and upon re ^>n5titution, 

35 EP 268 110 (Cetus) discloses a solution comprising a particular protein, 
interleukin-2, which is dissolved in an inert carrier medium comprising a 
non-i nic polymeric detergent as a solubilizer/stabilizer. The preferred 
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detergmts are octylphenoxy polyethoxy ethanol compounds, poly thylene 
glycol monostearate compounds and polyetiiylene sorbitan fatty add esters. 

US 4 783 441 (Hoechst)disdoses an aqueous solution comprising a protein, 
such as insiilin and a surface active substance. 

US 4 165 370 (Coval) disdoses a gamma globulin solution and a process for 
the preparation thereof. The solutions contains polyethylene glycol (PEG). A 
non-iraiic surfactant can be added to tiie solution. 



In EP 77 870 (Green Cross) the addition of amino adds, monosaccarides, 
oligosaccarides or sugar alcohols or hydrocarbon caiboxylic add to improve 
stability of a solution containing factor Vm is disdosed and the addition of 
sugar alcohol or disaccarides to an aqueous solution of factor VHI for 
15 increasing stability during heat treatment has been disdosed in EP 117 064 
(Green Cross). 

WO 91/10439 (Octophaima) claims stable injectable solution of factor Vm or 
factor DC which comprises a disaccaride, preferably saccarose and one or 
20 more amino adds. 

* 

EP 315 968 and EP 314 095 (Rorer) daim stable formulations of factor Vm 
with different ionic strengdi. 

25 Proteins are different with regard to physico-chemical properties. When 
preparing a pharmaceutical preparation which should be physict><hemical 
acceptable, and stable for a long time, consideration can not only be taken to 
the physiological properties of the protein but also other aspects must be 
considered such as the industrial manufacture, easy handling for the patient 

30 and safety for the patient. The results of these aspects are not predictable 
when testing different formulations and there often is a unique solution for 
each protein. 

In plasma circulating factor Vm is stabilized by assodation with its carrier 
35 protein, the von Willebrand factor (vWF). In plasma and also in 
conventional intermediate purity factor Vm concentrates the ratio vWF to 
factor vm is at least 50:1 on a weight basis. In very high purity factor VHI 
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concentrates, with a specific activity of more than 2 000 lU per mg protein, 
the ratio vWF to factor Vm is about 1:1 (w/w) and essentially all fector Vm 
is bound to vWF, Despite this stabilization further protection by the addition 
of albumin is required in order to achieve an acceptable stability during 
5 lyophilizatioh and storage. 

All super pure preparations on the market are stabilized with albumin 
(hiunan serum albumin). 

There is a now a demand for injectable factor Vin without albumin and 
10 containing a minimimi of additives. 

We have now developed a new formulation which solves the above 
mentioned problems for factor Vm. 

15 To our great surprise we have found that factor Vm, which is a very 
sensitive protein, can be stabilized without albumin, when a non-ionic 
surfactant is added. 

Thus the present invention relates to a composition comprising a coagulation 
20 factor Vm and a non-ionic surfactant as stabilizer. Our factor Vm is highly 

purified, i.e. has a specific activity of more than 5000 lU/mg protein, and the 

composition is stabilized vdthout the addition of albumin. 

When factor vm is recombinant it can be either in its full-length form or as 

a deletion derivative such as SQ derivative. 
25 The amoimt of factor Vm is from 10 to 100 000 lU/ml, preferably 50 to 10 

OOOIU/inl. 

The non-ionic surfactant is preferably chosen from block corpolymers such 
as a poloxamer or polyoxyethylene (20) fatty add ester, such as polysorbate 
20 or polysorbate 80. Tween 80® has been used as polysorbate 80. 
30 The non-ionic surfactant should be present in an amoimt above the critical 
micelle concentration (CMC). See Wan and Lee, Journal of Pharm Sd, 63, 
136,1974. 

. The polyoxyethylene (20) fatty add ester-is thus preferably. in an amount of 
at least 0.01 mg/ml. The amount could e.g. be between 0.02 and 1 mg/ml. 
3 5 The composition can also comprise sodium or potassium chloride, preferably 
in an amount of more than 0.1 M. 
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The composition comprises preferably a calcium salt such as caldum 
chloride or calcium gluconate preferably in an amount of more than 0.5 mM 
and an amino add such as L-histidine in an amoimt of more than 1 mM. 
The amoimt could e.g. be chosen between 0.05 and 500 mM. 
5 Mono-or disaccarides such as sucrose or sugar alcohols could be added ag, 
in an amount of 1 to 300 mg/ml. 

The composition comprises preferably L-histidine and sucrose. The ratio 
sodium chloride to L-histidine in the composition is preferably more than 
10 1:1. 

The composition could comprise 

i) 10-100 000 lU/ml of recombinant factor Vm 

ii) at least 0.01 mg/ml. of a polyoxyethylene (20) fatty add ester 
15 iii) sodium chloride, preferably in an amount of more than 0.1 M. 

iv) caldmn salt such as caldum chloride or caldum gluconate preferably in 
an amoimt of more than 0.5 mM. 

v) an amino add such as L-histidine in an amount of more than 1 mM. 

20 To this composition could mono-or disaccarides or sugar alcohols, preferably 
sucrose be added. 

The composition could be in a dried form, preferably lyophilized or in 
aqeous solution before or after drying. The dried product is reconstituted 
wifli sterile water for injection or a buffer solution. 

25 

Hie daiined composition can also be a stable aqeous solution ready for use. 

The invention also relates ot compositions in which the specific activity of r- 
Vm SQ is more than 1 2 000 lU / mg protein , preferably more than 
30 14000IU/mg. 

The daimed composition can be prepared by mixing factor VIII with a non- 
ionic surfactant in an aqeous solution, preferably together with an amino 
add such as L-histidine, sodium salt, sucrose and a caldiun salt or by 
35 duating factor Vm from the last purification step with a buffer containing a 
non-ionic surfactant in an aqeous solution, preferably together with an 
amino add such as L-histidine, sodium salt, sucrose and a caldtun salt. 
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The invention also relates to the use of a non ioni.: surfactant preferably 
chosen from block co-polymers, preferably a poloxainer or polyoxyethylene 
(20) fatty add ester, preferably polysorbate 20 or polysorbate 80, as stabilizer 
5 for a composition comprising coagulation factor VOL 

An amino add is used to buffer the system and it protects also the protein in 
the amorphous phase. A suitable buffer could be L-histidine, lysine and/or 
arginine. L-Histidine has primarily bem chosen because of the good buffer 
10 capadty of L-histidine around pH 7. 

Sucrose or sugar alcohol can also be added for the protection of tiie protein. 

Caldum (or divalent metal ions), here added as caldum chloride (Caa2) but 
15 other salts such as caldum gluconate, caldum glubionate or caldum 
gluceptate can also be used, is necessary for the maintenance of the 
assodation of factor Vni hea : , and light chain. 

Hie data presented in tiie examples indicate tiiat r-VmSQ is stable for at 
20 least 12 months when stored at 5±3*C. 

The following examples illustrate the invention and show stability data for 
different formulations, all falling under the patent protection, a protection 
which is not limited to these examples. 

25 

The follbwing figures are illustrating tiie invention: 

Hgurel HPLC gelfiltration. Example lOA, stored 5 months at 250C 
Figure 2 HPLCgelfiltration, Example lOB, stored 5 months at 30OC. 
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EXPERIMENTAL 
Material and methods 

5 The prcxiuction of recombinant factor VIII SQ (r-Vm SQ) was essentially 
performed as described in patent WO 91/09122, example 1-3. A DHER 
deficient CHO celline (IX344N.Y.) was electroporated with an expression 
vector containing the r-VUI SQ gene and an expression vector containing the 
dihydrofolate-reductase gene. Following selection on selective media 

10 surviving colonies were amplified through growth in stepwise increasing 
amounts of methotrexate. Supernatant from the resulting colonies were 
individually saeened for VlllrC activity. A production done was chosen and 
tills was subsequently adapted to serum free suspension growth in a defined 
mediimi and finally a large scale fermentation process was developed. 

15 Supemantant is collected after certain time periods and further purified as 
described below. 

The clarified conditioned medium was pH adjusted and applied to a S- 
Sepharose EF column. After washing, factor VIII was eluated with a salt 
20 buffer containing 5 mM Caa2,. 

Inuntmoadsorption was carried out on an inununoaffinity resin where the 
ligand was a monoclonal antibody (8A4) directed towards the heavy chain 
of Factor VJJL Before loading to the column the S-eluate was treated with 0^ 
25 % INBP and 1 % Octoxynol 9. 

The column was equilibrated, washed and factor Vm was eluated with a 
buffer containing 0^ M Caa2 and 50 % ethylene gjycol. 

The mAb-duate was loaded on a Q-Sepharose FF column, equilibrated with 
30 tiie dution bu^ in Ae immunoaffinity step. After washing, factor Vm was 
eluated witii 0,05 M L-histidine, 4 mM Caa2, 0,6 M NaQ, pH 6,8. 

The Q-eluate was applied to a gel filtration column (Superdex 200 p.g.). 
Equilibration and elution was carried out with a formulation containing 
35 sodium chloride, L-histidine, calcium chloride and pol)rsorbate 80. 



WOW/07510 



PCT/SE93/00793 



9 

The protein peak was collected and the solution was formulated before 
freeze drying. 

The VnirC activity and &e concentration of the inactive components were 
5 adjusted by . diluting with an appropriate buffer. The solution was then 
sterile filtered (0^ ^m), dispensed and freeze-dried. Samples from each 
composition were frozen and stored at - 70 These samples were thawed 
and used as references during the assay of Vin:C. 

10 Hie coagulant activity Vin:C was assessed by a chromogenic substrate assay 
(Coatest Factor vm, Chromogenix AB, Molndal, Sweden). Activated factor X 
(Xa) is generated via the intrinsic pathway where factor VHIKII acts as 
cofactor. Factor Xa is tiien determined by the use of a synthetic du-omogenic 
substrate, S-2222 in the presence of a thrombin inhibitor 1-2581 to prevent 

15 hydrolysis of the substrate by thrombin. The reaction is stopped with add, 
and the Vin:C, which is proportional to the release of pNA (para- 
nitroaniline), is determined photometrically at 450 nm against a reagent 
blank. The unit of factor Vin:C is expressed in international tmits (lU) as 
defined by the current International Concentrate Standard (IS) established by 
20 WHO. 

4 

THe recovery of VHIrC is calculated as the percentage of VlllrC in the 
reconstituted solution divided by the VIErC in the frozen and thawed 
solution for freeze-drying with appropriate adjustment for dilutions. 

25 

Soluble aggregates were determined by gel filtration. A prepacked Superdex 
200 HR 10/30 column (Pharmacia) was used with a fluorosoence detector 
(exitation wavelength 280 nm), emission wavelength 340 mn). The 
reconstituted preparation were analysed. Evaluation of results from 
30 gelfiltration was done by visual examination of the chromatograms, or by 
integration of the peak areas if aggregates were foimd. 

Recovery over freeze drying is expressed in % yield of frozen reference. 
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Example 1. Comparis on between albumin and non-ionic sxirfactant. 
Recombinant factor vm was prepared according to the me&od described 
imder Experimental. 

Two ml of the solution was lyophilized and thereafter reconstituted in an 
amount of 5 ml of sterile water for injections. 



The compositions were the following : 



10 





lA 


IB 


IC 


ID 


L-Ifistidine, mM 


50 


50 


50 


50 


Sodium chloride, M 


0,6 


0^ 


0>6 


OA 


Caldimi chloride, mM 


4 


4 


4 


4 


Polysorbate 80, % 






0.02 




PEG 4000, % 


0.1 


0.1 






Albumin, % 




1 




1 


VntC charged lU/ml 


250 


250 


250 


250 


Recovery, lU/ml 










after reconstit. 


83 


197 


232 


222 



20 

This example shovvs that there was no difference in the recovery of factor 
VnLC when the non ionic surfactant or albumin was used. 
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Example 2, Comparison between different strengths of iron ionic su r facta nt 
Recombinant factor Vm was prepared according to the method described 
xinder Experimental. 

5 

Two ml of the solution was lyophilized and thereafter reconstituted in an 
amoimt of 2 ml of sterile water for injections. 

The compositions were the following : 

10 





2A 


2B 


2C 


LrHistidine/L-Glutainate 








equimolar amount, mg/ml 


10 


10 


10 


Sodium chloride, % 


2 


2 


2 


Caldum chloride, mg/ml 


0.1 


0.1 


0.1 


Polysorbate 80, % 




0,001 


0,01 


VHtC charged lU/ml 


300 


300 


300 


Recovery, lU/ml 








after reconstit. 








Initial 


69 


133 


228 


33 h* 


43 


140 


222 


7h* 


49 


133 


204 



* stored as reconstituted solution at ambient temperature 
25 It is here dearly shown the surprisingly good stabilizing effect on factor Vin 
when a'non ionic surfactant is used. 
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Example 3 . Variation of non-ionic surfactant concentration. 

Recombinant factor VIII was prepared according to the method described 

imder Experimental. 

5 

Two ml of the solution was lyophilized and tiiereafter reconstituted in an 
amoimt of 5 ml of sterile water for injections. 





3A 


3B 


3C 


3D 


3E 


L-Histidine, mM 


50 


50 


50 


50 


50 


Sodium chloride, M 


034 


034 


034 


0.34 


034 


Calcium chloride, mM 


4 


4 


4 


4 


4 


Polysorbate 80, % 


0.01 


0.02 


0.03 


0.04 


0.05 


Recovery, 












after reconstit, % 


91 


90 


93 


99 


100 



Results from this example indicate that the recovery of factor Vm (VntC) 
was very high after reconstitution and good for all concentrations of 
20 polysorbate 80 used. 
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Example 4. Variation of sodium chloride concentration 

Recombinant factor Vm was prepared according to the method described 

under Experimental. 

Two ml of the solution was lyophilized, stored at different temperatures for 
up to 6 months (mon) and thereafter reconstituted in an amoimt of 5 ml of 
sterile water for injections. 



10 4A 4B 

L-HistidinejnM 50 50 

Soditun chloride, M 03 0,6 

Caldimi chloride, mM 4 4 

PEG4000 % 0.1 0.1 

15 (Polyethylene gjycol) 

Polysorbate 80, % 0.025 0.025 

Recovery, %, initial 85 86 

stored at S^C 

3 mon 88 87 

20 4 mon 87 83 

6 mon 87 83 

stored at 25^0, 1 mon 92 93 

3 mon 87 79 

4 mon 84 81 
25 6 mon 85 85 

stored at 370c Imon 88 90 

3 mon 80 80 

4 mon 80 77 
6 mon 81 80 

30 stored at 50OC 1 mon 84 89 

3 mon 77 77 

4 mon 73 70 



35 



0,3 or 0,6 M sodium chloride showed very good stability. Bofli foraiulajions 
were stable for 6 months at 37**C 
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Example 5. Variation of L-Histidine concentration 

Recombinant factor Vni was prepared according to the method described 
und^ Experimental. 

2^ ml of the solution was lyophilized, stored at different temperatures for 
up to 3 montiis (mon) and thereafter reconstituted in an amount of 5 ml of 
sterile water for injections. 



5A 5B 

L-I£stidine, mM 46 59 

Sodium chloride, M 031 031 

Calcium chloride, mM 37 37 

PEG-iOOO % 0.091 o'o91 
15 (Polyethylene glycol) 

Polysorbate80,% 0364 0.364 
Recovery, % 

stored at 8OC, Initial 78 84 

3 mon 70 76 
20 stored at 250c, Imon 

3 mon 69 74 

stored at. 370c Imon 76 85 

3 mon 61 48 

stored at SQOC Imon 60 73 

25 3 mon 44 48 



This example shows that these different amounts of L-histidine does not 
effect the stability. 



30 
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Example 6 

Recombinant factor VHI was prepared according to the method described 
under E)q>erimental. 

5 

6A 6B 

LrHSstidine, znM 65 65 

Sodium chloride M 03 0.3 

Calcium chloride, mM 4 4 

10 PEG-4000 % 0 0.1 

Tween80,% 0.025 0.025 

These solutions were freezed/thawed 1, 5 and 10 times and the recovery 
was the following: 

15 

lU/ml lU/ml 

cold 298 291 

1 freezing 293 293 

5 295 287 

20 10 290 288 

These studies showed that VIILC was stable after repeated freeze-thawing 
and that PEG-4000, which is thought to act as cryoprotectant, is not 
necessary in this formulation. 
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Example 7. Variation of pH 

Recombinant factor Vm was prepared according to the method described 
imder Experimental. 

5 

2^ ml of the solution was lyophilized and thereafter reconstituted in an 
amoimt of 5 ml of sterile water for injections. 







7 A 


7B 


7C 


7D 


10 


Lrl£stidme, znM 


65 


65 


65 


65 




Sodium chloride, M 


0,3 


0,3 


0,3 


0,3 




Caldum chloride, mM 


4 


4 


4 


4 




Polysorbate 80, % 


0.025 


0.025 


0.025 


0.025 




pH 


6.0 


63 


7.0 


7.5 


15 


Recovery, %, Initial 


74 


70 


78 


79 




3 hours* 


73 


80 


78 


77 



*Btored as reconstituted solution at ambient temperature 
lliis example shows that a pH is of no significant importance between 6.0 
20 and 73 approx. 

Examples Addition of sucrose 

Recombinant factor Vin was prepared according to the method described 
under Experimental. 

25 

2fZ ml 'of the solution was lyophilized and fliereafter reconstituted in an 
amoimt of 5 ml of sterile water for injections. 





8A 


8B 


L-Histidine, mM 


58 


20.5 


Sodium chloride. M 


03 


03 


Caldum chloride, mM 


3,7 


3,7 


Sucrose, mM 


0 


133 


Polysorbate 80, % 


0.025 


0.025 



35 



Suaose was added to the solution B after the final purification step before 
lyophilization. 
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The recovery after freeze-drying was 76 % for A and 87 % for B. The sam 
activity was found 4 hours after reconstitution stored at room temperature, 

5 This study indicated that the addition of sucrose is favourable for the 
recovery of VIILC over ft-eeze-drying. 

Example 9 . Variation of calcium salt 

Recombinant factor Vm was prepared according to the method desaibed 
10 imder Experimental. 

Two ml of the solution was lyophilized and thereafta- reconstituted in an 
amoimt of 5 ml of sterile water for injections. 

15 



20 





9A 


9B 


9C 


9D 


L-Histidine, mM 


23 


23 


23 


23 


. Sodium chloride, M 


034 


0,34 


0.34 


0,34 


Calcium chloride, mM 


4 


4 


0.15 


0.15 




0.025 


0.025 


0.025 


0.025 


Sucrose, mM 




10 




10 


Caldumgluconate, mM 


0 


0 


6 


6 


Re!coveiy,%, Initial 


63 


74 


74 


78 


4 hours* 


60 


73 


73 


77 



25 



^stored as reconstituted solution at ambient temperature 

This example shows that Caa2 can be substituted by Caldxmi gluconate. 
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Recombinant factor VIQ was prepared according to the method described 
tmder Experimental. 

5 

:t2 ml of the solution was lyophilized and diereafter reconstituted in an 
amount of 5 ml of sterile water for injections. VUL-C per vial in reconstituted 
preparation was about 1000 lU. 

10 lOA lOB 

LrHistidine, mM 14.7 58 

Sodium chloride. M 031 031 

Calcium chloride, mM 3.7 3.7 

Sucrose, mM 19.9 

15 PoIysorbateSO, % 0.025 0.025 

Recovery, lU/ml 
after reconstitution 

Initial 213 198 

4 h, 250c 213 198 
20 24, 250c 201 182 

Recovery, % 

Initial 92 91 

5 months, 250C 88 

5 months, 30OC 76 85 

25 12montiis,70C 89 97 

The recovery was good when part of the L-histidine was substituted by 
sucrose. 

These formulations were studied by gelfiltration after 5 montiis 'storage at 
30 250c and SO^C, respectively and the results are shown in figures 1 and Z 

The only peaks to be seen is the peak at 42, indicating factor VntC and the 
peak at 70 which is histidine Aggregates is to be found earlier than 40. From 
figure 1 it can be seen that no detectable amotmt of aggregates was found 
after 5 months at 250C for lOA. Figure 2 shows a small amount of 
35 aggregates which is less than 2% after 5 months at 30«>C for lOB. 



SUBSTITUTE SHEET 



wo 94/07510 



PCT/SE93/00793 



19 

Example 11 

Recombiiiant factor Vm was prepared according to the method described 
under Experimental. 

5 

2,2 ml of the solution was lyophilized and thereafter reconstituted in an 
amoxmt of 5 ml of sterile water for injections. VHDC per vial in reconstituted 
preparation was about 500 ILJ. 

10 





11 A 


llD 


L-Histidirip mM^ 


1A 7 


CO 

58 


Sodium chloride, M 


031 


031 


Caldxim chloride, mM 


3.7 


37 


Sucrose, mM 


19.9 




Polysorbate 80, % 


0.025 


0.025 


Recovery, lU/ml 






after reconstitution 






Initial 


98 


105 


4h,25 0C 


96 


103 


24/250C 


93 


101 


Recovery, % 






Initial 


91 


93 


stoned at 25^0, 5 mon 


89 


87 


storedatSOOC, 5mon 


76 


79 


storedalT^ 12inon 


88 


89 



Both formulations showed good stability. 

These formulations were studied by gelfiltration and the results were 
30 similar as shown in Figures 1 and 2. 

No aggregation was formed when the formulations had been stored for 5 
months at 250C and SO^C, respectively. 
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Example 12 

Recombinant factor Vd was prepared according to the method described 
under Experimental. 

5 2 ml of the s(^ution was lyophilized, stored at difPo-ent temperatures for up 
to 3 months (mon) and thereafter reconstituted in an amoimt of 4 ml of 
sterile water for injections. VntC per vial in reconstituted preparation was 
about 500 lU. 

10 





12A 


12B 


Mannitol, mg/ml 


20 


20 


L-Histidine, mg/ml 


2,67 


Z67 


Sodium chloride, mg/ml 


18 


18 


Caldimi chloride, mM 


3,7 


3,7 


Polysorbate 80, mg/ml 


023 


023 


Recovery, % 






initial 


91 


93 


stored at. T^C 5 mon 


90 


85 



20 

4 

An acceptable stability was achieved after five months at TOQ. 
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CLAIMS 

5 

1. A composition comprising coagulation factor Vm and a non*ionic 
sur^ctant as stabilizer* 

2. A composition according to claim 1 in which factor Vm is highly ptirified 
10 and stable without the addition of albumin. 

3- A composition according to daim 1 or 2 in which factor VIU is full-length 
or a deletion derivative of recombinant factor VHI. 

15 4. Composition according to any of claims 1-3 in which the amount of factor 
vm is 10 to 100 000 lU ml, prt-r ^rably 50 to 10 000 lU/ml. 

5. Composition according to any of daims 1-4 in which the non-ionic 
surfactant is present in an amoxmt above the critical micelle concentration. 

20 

6. Composition according to any of daims 1-5 in which the non-ionic 
surfactant is chosen from block co-polymers, preferably a poloxamer or 
polyoxyethylene (20) fatty add ester, preferably polysorbate 20 or 
polysorbate 80. 

25 

7. Composition according to daim 6 in which the polyoxyethylene (20) fatty 
add ester is in an amount of at least 0*01 mg/ mL 

8* Composition according to any of daims 1-7 which comprises sodium or 
30 potassium chloride, preferably in an amount of more than 0.1 M 

9. Composition according to any of claims 1-8 which comprises caldim: salt 
such as caldum chloride or caldum gluconate preferably in an amoxmt of 
more than 0.5 znM. 

35 

10. Composition according to any of daims 1-9 which comprises an amino 
add such as L-histidine in an amount of more than 1 mM. 
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11. Composition according to any of claims 1-10 which comprises mono-or 
disaccarides, prferably sucrose or sugar alcohols. 

5 IZ Composition according to any of daims 10-11 which comprises L- 
histidine and sucrose. 

13. Composition according to claim 8 and 10 in which the ratio soditmi 
chloride to L-histidine is more than 1:1. 

10 

14. Composition according to any of daims 1-13, comprising 

i) 10-100 000 lU/ml of recombinant factor Vm 

ii) at least 0.01 mg/mL of a polyoxyethylene (20) fatty add ester 

iii) sodium chloride, preferably in an amount of more than 0.1 M. 

15 iv) caldum salt such as caldum chloride or caldimi gluconate preferably in 
an amount of more than 03 mM. 

V) an amino add such as L-histidine in an amount of more than 1 mM. 

15. Composition according to any of claims 1-14 which is dried. 

20 

16. Composition according to daim 15 which is lyophilized. 

17. Composition according to any of daims 1-14 which is in a stable aqeous 
solution ready for use. 

25 

18. Composition according to any of claims 3-17 in which the specific 
activity of r-Vm SQ is more than 12 000 lU / mg protein , preferably more 
than 14 000IU/mg. 

30 19. Process for the preparation of the composition according to daim 1 
characterized by mixing factor Vm with a non ionic stirfactant in an 
aqueous solution, preferably together with an amino add such as L- 
histidine, sodium salt, sucrose and a caldum salt 

35 20. Process for the preparation of the composition according to daim 1 
diaracterized by eluating factor VEE from the last purification step with a 
buffer containing a non-ionic surfactant in an aqeous solution, preferably 
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togettier with an amino add such as L-histidine, sodium salt, sucrose and a 
caldumsalt 

21. Use of a non ionic surfactant preferably chosen from block co-polymers, 
5 preferably a poloxamer or polyoxyefliylene (20) fatty add ester, preferably 
polysorbate 20 or polysorbate 80, as stabilizer for a composition comprising 
coagulation factor VnL . 

10 




Figure 1 
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Dried Blood Factor Compositions Comprising Trehalose 



nrPT AR ATTOM OF FRAMPTS F. PRESTON UNDER 37 CFR 1.132 

I, Francis E. Preston, hereby declare that: 
My C.V. is attached. 

I have read and understood the subject appUcation, and the Office Action dated December 13, 
2001. I have also reviewed the following references: 

Curtis et al. (U.S. Patent No. 5,576,291, issued November 19, 1996) 
Livesey et al. (U.S. Patent No. 5,364,756, issued November 15, 1994) 
AND, being thus duly qualified, do flirther declare: 

Factor Vin is a critical component in the human blood clotting process. Factor VIII 
deficiencies are responsible forhaemophiliaAwhichisablood clotting disease afflictingasi^^ 

number of people. Tl^ough the administration of Factor Vm to those with haemophiha A, it is 
possilile to mimmizc disability and to prolong life. 

Unfortunately, obtaining sufficient quantities of Factor vm to meet the denand for treating 
hemophilia patients has been very difficult. Factor vm is present in low concentrations in blood 
plasma making it difficuh to purify large quantities of Factor vm. Also, plasma-denved blood 
actors carry a risk of transmitting viruses and other infectious agents. 

Although the gene which encodes Factor Vffl was identified in the mid-1980's, techmcal 
problems teve hindered the ability to produce sufficient quantities of therapeudc preparations of 



recombinant Factor VHI. One of the primary technical challenges is to stabilize the highly labile 
Factor Vin. Factor VIII is an extremely delicate protein, regardless of whether it is produced 
recombinantly or purified fi-om plasma. Native Factor Vm contains multiple enzymatic cleav^e sites 
makii^ it highly susceptible to degradation. In the past, degradation of Factor Vm preparations has 
been avoided or minimized using albumin as a stabilizing J^ent. 

Factor VIII purified firom plasma necessarily contains albumin. Although the presence of 
albumin increases the chances for contamination with pathogens, albumin has been left in Factor VIII 
compositions purified firom plasma because albumin was believed to be necessary to stabilize Factor 
vm. Furthermore, until recently, a stabilizing amount of albumin was actually added to all 
therapeutic recombinant Factor VIE preparations. This practice has continued despite the potential 
health risks associated with albumin. 

For years, it has been well known to those skilled in the art that Factor Vni, which is a large 
protein having over 2000 amino acids, is highly susceptible to degradation. In the human body, 
enzymes act on native Factor VIII during the clotting process. As the result of a complicated 
enzymatic conversion process, Factor VIE is transformed in vivo into a heterotrimer known as 
activated Factor VHI (Factor Villa). Specifically, proleolytic processing by thrombin results in the 
formation of Factor Villa which is, itself, a cofactor in the activation of Factor X by Factor DCa. 
Native Factor VIII is not a cofector in the conversion of Factor X. 

Thus, activated Factor Vm is a different chemical entity than Factor VIII. Activated Factor 
vm has chemical, physical and physiological properties which all differ fi-om Factor Vni. The 
scientific literature is replete with references to Factor VIE as well as to Factor VIHa. The skilled 
artisan, in 1 995, would be fiilly aware of the different nature of these compounds. The skilled artisan 
would also have been fiilly aware of the delicate nature of Factor VHI and the standard practice of 
stabilizing Factor Vm with albumin. At the time of the subject invention, those skiUed in the art 
would recognize that "native Factor VIII" does not refer to activated Factor VIII. 

Unlike Factor VIE, activated Factor VEI is not produced retombinantly. Rather, activated 
Factor VIE is produced by subjecting Factor VEI to proteolytic cleavage. This can be done, for 
example, by the process described by Curtis et al. 

The Curtis et al. patent pertains to the administration of activated Factor VIE to treat a 
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particular complication of haemophilia- Curtis etai intentionally proteolytically cleaves Factor Vin 
to obtain activated Factor VTQ. This, of course, does not provide the skilled artisan with any 
information regarding the stability of Factor VIII, since the Factor VDI was purposefully degraded I 
have not identified any disclosure in the Curtis et al reference which would teach or suggest that 
native Factor Vni can be stabilized by trehalose in the absence of added albumin. 

Finally, fix>m my review of the Livesey et al patent I again find no disclosure which would 
teach or suggest to a person skilled in this art that highly labile Factor Vin could be stabilized by 
trehalose in the absence of added albumin. 

The undersigned declares further that all statements made herein of his own knowledge are 
true, and that all statements made on information and belief are believed to be true; and further, that 
these statements are made with the knowledge that willful felse statements, and the like so made, are 
pimishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willfiil felse statements may jeopardize the validity of the Application or any 
Patent issuing thereon. 

Further declarant sayeth naught 



Signed: 




Date: 
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